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In January 1984, President Reagan committed the nation to the goal of developing.a
permanently manned Space Station within a decade. The United States, _n
cooperation with Canada, the European Space Agency (ESA), and Japan, has
embarked on a program to design and place in orbit a research laboratory for
scientific experiments, technology development, and stimulation of commercial
space enterprises. The baseline Space Station Freedom (referred to as the Space
Station or the Station) will consist of four major elements. The human-occupied
base will fly in low Earth orbit from 278 km (150 n.m.) to 500 km (270 n.m.). An ESA
Free Flying Laboratory will fly in approximately the same orbit. Two other platforms
will fly in sun-synchronous polar orbits about 705 km (380 n.m.) above the Earth.
Space Station Freedom will be assembled in orbit over a four year period beginning
early in 1995 and ending in the third quarter of 1999. Space Station Freedom is
being designed for a lifetime of not less than 30 years. The proposed action will
enable the United States to continue leadership in space exploration and utilization
and to provide a mechanism for international cooperation in space. This Tier 1
Environmental Impact Statement (EIS) was prepared based on the Space Station
configuration, assembly sequence, and program milestones that existed prior to the
Preliminary Design Review (PDR). It addresses the environmental impacts resulting
from the proposed action (the baseline Space Station Freedom) and three
alternative actions. They are: a different Space Station configuration, a Space
Station which is not permanently manned, and termination of the Space Station
Freedom program. The proposed action is not expected to cause significant
environmental impacts as a result of normal operation. However, in the case of
accidental inadvertent reentry of Space Station components, there exists a remote
possibility of loss of life and/or property. Tier 2 of the EIS will reflect changes to the
configuration, assembly sequence, and program milestones resulting from the PDR
and subsequent program reviews or reassessments. It will address the
environmental impacts of significant modifications made subsequent to the PDR, as
well as the probability of accidental reentry, and the injury/damage probability
associated with such reentry.





SUMMARY

In January 1984, President Reagan committed the nation to the goal of developing a
permanently manned Space Station within a decade. The National Aeronautics and
Space Administration (NASA) subsequently established a Space Station Program

Office which developed a baseline configuration for the Space Station. On July 18,
1988, President Reagan christened the Space Station 'Freedom." Formal
international agreements among the dozen nations to participate in the Space
Station Freedom Program (SSFP) were signed in Washington on September 29, 1988.

Proposed Action

The proposed action will consist of four major elements which are the manned base,
a free flying laboratory, and two polar orbiting platforms. The human-occupied
base will fly in low Earth orbit from 278 kilometers (150 n.m.) to 500 km (270 n.m.)
altitude at 28.5 degree inclination. The normal operating altitude will be 463 km
(250 n.m.). Flying at an orbital velocity of about 18,000 miles per hour, the manned
base will circumnavigate the Earth approximately every 90 minutes.

The ESA Free Flying Laboratory for microgravity experiments will fly in
approximately the same orbit as the manned base. The laboratory will be serviced
periodically either at the manned base or by ESA's Hermes spacecraft. Two other
platforms, supplied by the U.S. and ESA respectively, will fly in sun-synchronous polar
orbits about 705 km (380 n.m.) above the Earth with an inclination of 98.2 degrees
with the Equator.

Space Station Freedom is intended to serve multiple functions. Materials processing
research will be conducted, and products not producible on Earth due to the adverse
influences of gravity will be manufactured. These may include products which
enhance precision measurements, pharmaceuticals, and flawless crystals for use in
electronic, optical, and communications systems. The Station will also serve as a
laboratory with a unique vantage point for advanced research in such fields as
astrophysics, solar system exploration, Earth sciences, life sciences, and remote
sensing. Space Station Freedom will be an operations base which will function
continuously 24 hours a day, 365 days a year. It will serve as a base for vehicles
delivering payloads to higher orbits and returning them as needed; and as a
construction center for erecting systems too large to be launched directly from
Earth. It can serve as a departure point for vehicles traveling to distant planets. It

will also promote international cooperation in space through the U.S. agreements
with Canada, Japan, and ESA, a consortium of nine European nations. An tntangible
benefit from the Space Station Freedom is the prestige associated with such a
pioneering effort.

Other Alternatives

The alternatives to the proposed action are: (1) a different Space Station manned
base configuration called the "Power Tower;" (2) a Space Station which is not
permanently manned (the Man-Tended Approach (MTA)); and (3) termination of
the Space Station Freedom Program (no action).

The Power Tower would be a different configuration of the manned base. It would
fly in the same orbit as the manned base in the proposed action. There would also
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be an unmanned U.S. Polar Orbiting Platform (POP), and a Co-Orbiting Platform

(COP) also unmanned.

In the MTA, the base would be comprised of only one module rather than four. This
would be a multi-purpose laboratory. It would not be permanently manned but
would be visited periodically by the Shuttle. No other platforms are included in this
alternative.

Under the no action alternative, NASA would cancel the Space Station Freedom

Program and fail to meet the presidential, NASA, and scientific objectives for which
Space Station Freedom is being designed. Instead, NASA would use the Shuttle and
Expendable Launch Vehicles (ELVs) to meet the U.S. objectives to the extent possible.

The Power Tower and MTA alternatives do not meet the program's major objectives:

They also would severely limit the kinds of research which could be conducted
compared to those planned for the proposed action alternative. The Power Tower is

bein 9 considered because, it is a viable configuration alternative. The MTA is
considered in this EIS because in 1985, Congress requested that NASA assess it as an
alte ative After NASA's assessment was completed, the agency.informed Congress

.__rn . . " r
that the MTA was not a viable option because it could not meet the program s majo
objectives. It is included here, despite the assessment, in order to have a complete
analysis, and because a Man-Tended Capability (MTC) has been adopted as an
interim program milestone in the assembly sequence. The MTC milestone does not
represent a completed Station, but rather, represents the point at which the Station
will first become operational. The information on the MTA is derived from the 1986

report to Congress on this subject.

Environmental Impacts

The proposed action is not expected to cause significant environmental impacts in
normal operation. A study will be performed following the Space Station Freedom
Preliminary Design Review (PDR) to more precisely determine the probabilities
associated with the possible reentry of the Space Station into the atmosphere.
Mitigative measures are being taken in the design of the Station and its operation to
minimize the likelihood of accidental reentry. They will be fully incorporated in the

Critical Design Review (CDR), scheduled a year after the PDR.

Significant modifications (e.g. changing to a hydrazine propulsion system and the
venting of non-toxic waste gases) are currently being incorporated into the baseline
Freedom program. Tier 2 of the EIS will address the environmental impacts of these
modifications, the probability of accidental reentry of the manned base, and the

injury/damage probability associated with such reentry.

The Power Tower and Man-Tended Approach alternatives would have essentially
the same environmental impact as the proposed action.

With the no action alternative, the environmental impacts would not be significantly
different from the proposed action because additional Shuttle or Expendable
Launch Vehicle (ELV) flights would be needed to deploy and operate payloads which
would have been on the Space Station. The return to Earth of debris from a satellite
or an ELV would be substantially less than that from the Space Station, but could
result in an impact similar to that from an uncontrolled reentry of the Space Station.

Jv
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1.0 PURPOSE OF AND NEED FOR ACTION

Space Station Freedom is a National Aeronautics and Space Administration (NASA)
program which will include elements to be developed by international partners.
These partners are Japan, Canada, and the nine member countries (Belgium,
Denmark, France, Italy, the Federal Republic of Germany, the Netherlands, Norway,
Spain, and the United Kingdom) of the European Space Agency (ESA) which are
party to the formal international agreements of September 29, 1988. Space Station
Freedom will be designed as an orbiting research laboratory for scientific
experiments, development of technologies, and stimulation of commercial space
enterprises.

This Tier 1 Environmental Impact Statement (EIS) has been prepared to provide the
information necessary to support decision making as the Space Station Freedom
program enters the oesign and development phase. It presents an analysis of the
environmental impacts of Space Station Freedom from design and development
through its decommissioning thirty or more years after First Element Launch (FEL).
The proposed action is the design, development, assembly, and operation of Space
Station Freedom, with a FEL in 1995.

1.1 INTRODUCTION

1.1.1 Background

In May 1982, NASA formed a Space Station Task Force (SSTF) to develop concepts for
a permanently manned Space Station to be deployed in low Earth orbit.
Approximately one year later, NASA released a concept for review within the federal

overnment. In January 1984, President Reagan committed the nation to thegoal of
eveloping a permanently manned Space Station within a decade. He invited other

nations to participate, and Japan, Canada, and ESA accepted.

NASA established a Space Station Program Office (SSPO) inApril, 1984, which
developed a reference configuration called the "Power Tower.' The Power Tower

had a single vertical keel flying in gravity-gradient mode with articulated solar arrays

and five pressurized modules located at the lower end of the structure.,,During the
Space Station definition phase, this configuration was changed to a Dual-Keel
configuration to satisfy additional user requirements. The Dual Keel configuration
moved the pressurized modules to the center of gravity along a transverse boom and
increased the amount of truss structure.

In 1987, NASA elected to develop the Space Station using a phased approach. The
baseline Station is essentially the same as the Dual Keel configuration without the
two vertical keels and with some changes in systems and payload accommodations.

The Space Station is shown in Figure 1-1 and described in Section 2.2.1. On July 18,
1988, President Reagan christened the Space Station Freedom.

1.1.2 Program Objectives

The program objectives for Space Station Freedom are as follows (1).

• To establish a permanently-manned, multipurpose facility in low Earth orbit
in the 1990s.

• To enhance and evolve mankind's ability to live and work safely in space.
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To stimulate technologies of national importance (especially automation and
robotics).

• To provide long-term, cost-effective operation and utilization of improved
facilities for scientific, technological, commercial, and operational activities
enabled or enhanced by the presence of humans in space.

• To promote substantial international cooperation in space.

• To create and expand opportunities for private sector activity in space.

• To provide for the evolution of the Space Station to meet future needs and
challenges.

To provide unmanned platforms from which to perform long-duration
research and operational observations.

1.2 NEED FOR THE PROPOSED ACTION

The National Aeronautics and Space Act of 1958 (2) directs NASA to pursue a number
of objectives. These include:

• The expansion of human knowledge of phenomena in the atmosphere and
space

The development and operation of vehicles capable of carrying instruments,
equipment, supplies, and living organisms through space

The preservation of the role of the United States as a leader in... space science
and technology and in the application thereof to the conduct of peaceful
activities.., outside the atmosphere

Cooperation by the United States with other nations and groups of nations in
work done pursuant to this Act and in the peaceful application of the results
thereof...

As a means of meeting these objectives President Reagan during his State of the
Union Address on January 25, 1984, directed NASA "to develop a permanently
manned Space Station and do it within a decade." On August 15, 1984, the
President approved a National Space Strategy designed to implement the national
policy for space which included establishment of a permanently manned presence in
space (3).

Beginning in 1984, each year Congress has included funding for the design of a
permanently manned Space Station in the NASA budget. In the NASA Authorization
Acts of 1988 and 1989, Congress authorized funds for the development of Space
Station Freedom.

1.3 PURPOSE OF THE PROPOSED ACTION

The purpose of the proposed action is to fulfill the goals of the NASA Charter and
the National Space Policy, and to respond to the President's directive to develop a
Space Station. This action, development and operation of Space Station Freedom,
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enables NASA to meet the needs of scientific, technological, and commercial
research, of international cooperation, and of a permanently manned presence in

space. Space Station Freedom will be designed specifically to meet these needs and
to provide a foundation for space research and exploration into the next century.

1.4 APPROACH TO EIS DEVELOPMENT

This EIS analyzes the currently available alternatives for a Space Station Freedom
program. It will serve as the environmental documentation necessary to aid the
decision maker in his or her decision regarding these alternatives. This decision will
be documented in a NASA Record of Decision which will be filed no sooner than 30
days after the Environmental Protection Agency's Federal Register Notice of the final
EIS for the Space Station Freedom Program.

NASA may supplement this EIS with further documentation, as events may require,
concerning individualized or site specific impacts. Such documentation could be in
the form of additional analyses, environmental assessments, or environmental

impact statements, as appropriate.

As a result of the Fiscal Year 1990 budgetary review process NASA has rephased
some hardware in the program, and modified some systems and subsystems. The full
environmental analysis of these changes is not yet complete. However, the
development process is maintained by holding the FEL in 1995. Tier 2 of the EIS will
reflect the significant modifications which are being incorporated into the baseline

program.

1.5 RESULTS OF THE SCOPING PROCESS

NASA conducted two meetings to define the scope of the EIS on August 19, 1986 and

May 9, 1988. The participants identified five areas where significant environmental
impacts could potentially arise. These areas are:

• Space Station Freedom's orbital maintenance strategy, including:
-- the periodic reboost of Space Station Freedom's manned base to maintain

orbit
-- Accidental reentry of Space Station Freedom's elements

• Decommissioning strategies for Space Station Freedom's elements at the end
of their useful lives

• Impacts of debris released by Space Station Freedom which survives reentry

• Return and disposal of waste material, including toxic waste, from Space
Station Freedom

• Impacts from the payload mission set to be flown on Space Station Freedom

This EIS discusses each of these areas of potential concern.
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2.0 ALTERNATIVES,INCLUDINGTHEPROPOSEDACTION

Four alternatives were explored in this EIS: the proposed action to design, develop,
and operate the Space Station Freedom Program, a different Space Station
configuration, a Space Station which is not permanently manned, and termination
of the Space Station Freedom Program (the no action alternative).

2.1 ALTERNATIVES CONSIDERED

Under the proposed action, Space Station Freedom will be developed with a FEL in
1995, a Permanent Manned Capability (PMC) in 1996, and the Assembly Complete
(AC) in 1999. During its lifetime, Space Station Freedom is expected to accommodate
hundreds of experiments and payloads on all of its elements. The characteristics of
the program, including the development plan, the operations concept, and the
decommissioning plan, are outlined below.

The alternative configuration, called the "Power Tower," is the early Space Station
design which was developed during the program s concept development stage.
Another configuration which would not include having a crew permanently
manning the Space Station, the MTA, has been considered because Congress
requested additional information on it in 1985. The no action alternative involves

terminating the Space Station Freedom Program and reassigning payloads to other
vehicles and/or programs where possible. Each of these alternatives is discussed
below.

2.2 DESCRIPTION OF THE PROPOSED ACTION TO PROCEED WITH THE SPACE
STATION FREEDOM PROGRAM

The proposed action is to design, develop, and operate the Space Station Freedom
Program. Operations will last for thirty years or more. This includes options for
decommissioning Space Station Freedom at the end of its operations.

2.2.1 Description of Space Station Freedom

The program objectives will be carried out in a variety of elements, systems, and
platforms supplied by NASA, contractors, and international partners. ESA will supply
a pressurized laboratory module, a free flying laboratory, and a polar platform.
Japan will provide an experiment module and an unpressurized exposed facility, plus
an experiment logistics module. Canada will provide a mobile servicing center for
assembly, routine servicing, and maintenance of the Station and attached payloads.
The United States will provide a laboratory module, a crew habitation module, the
truss structure and attached payload accommodations, a flight telerobotic servicer,
all distributed systems, subsystems, and a polar platform.

The baseline Space Station Freedom will consist of four major elements which are
the manned base, a free flying laboratory, and two polar orbiting platforms. The
manned base will fly in low Earth orbit from 278 kilometers (150 n.m.) to 500 km
(270 n.m.) from the Earth at a 28.5 degree inclination. The average operating
altitude will be 463 km (250 n.m.). Flying at an orbital velocity of about 18,000 miles
per hour, the manned base will circumnavigate the Earth approximately every 90
minutes.

The ESA Columbus Free Flying Laboratory for microgravity experiments will fly in
approximately the same orbit as the manned base. It wil/be serviced periodically
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either at the manned base or by ESA's Hermes spacecraft. Two other platforms,
supplied by the U.S. and ESA respectively, will fly in sun-synchronous polar orbits
about 705 km (380 n.m.) above the Earth with an inclination of 98.2 degrees with the

Equator. The co-orbiting and polar platforms are integral parts of the Space Station
Freedom Program. The U.S. Polar Platform will be launched by an ELV and will not
be attached to the manned base. The Columbus Free Flying Laboratory and Polar
Platform will be launched by ESA's Ariane rocket.

The following are descriptions of each of the Station flight elements starting with
the manned base and working out to the free flying platforms.

2.2.1.1 Baseline Space Station Freedom (Manned Base) Elements

1. Truss Assembly

The Truss Assembly will include the transverse boom, two alpha joints and drive
mechanism for solar pointing, the truss-installed distributed and element unique
systems, and provisions for mounting and attaching other elements (4). The truss is
149 meters (491 feet) long and 5 meters (16.4 feet) square. It will be assembled in

space and will provide a stable base for all the core modules, resource pallets,
equipment for extravehicular activity, external lightinc_, and extenders for the
photovoltaic power systems at each end. It will house utihty distribution trays for all
the system lines for thermal, power, fluid, and data management of the Station.
Utility ports for external attached payloads are also present on the transverse boom.

2. U.S. Laboratory Module (Fiqure 2-1)

The U.S. Laboratory Module will be a 13.4 meter (44.5 feet) long cylinder with a
diameter of 4.45 meters (14.4 feet). It will be attached at a right angle to the
transverse boom near its center. It will be pressurized at 14.7 psi, which is equivalent
to sea level pressure. The laboratory will be designed to accommodate: (1) materials
research and development most sensitive to mlcrogravity; (2) research in basic

biology, physics, and chemistry requiring long duration exposure to microgravity; (3)
control support to pressurized payloads; (4) the maintenance and servicing of
Orbital Replacement Units (ORUs) and user facilities and equipment requiring
workbench support in a pressurized volume; and (5) life science research relating to
adaptation to long duration exposure to microgravity (4).

3. Habitation Module (Ficjure 2-2)

The Habitation Module will provide the living environment for eight crewmembers.
Specifically it will contain the crew quarters, galley, wardroom, general workstation,
personal hygiene facility, crew emergency health care system, exercise equipment,
and stowage.

It will be an environmentally protected enclosure intended for long duration crew
activity and habitation functions, including eating, sleeping, exercising, medical
operations and some work activities. The same size as the U.S. Laboratory Module,
the Habitation Module will be located parallel and next to the U.S. Laboratory
Module in the cluster of pressurized modules that make up the manned base.

Isolated somewhat from the other modules, the Habitation Module will be part of
the safe haven and emergency provisions for the crew. It will have interna/audio
and video, data and information handling, and utility distribution and control. The
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floor and ceiling will be used for stowage, equipment and provisions for crew, and
daily operations.

4. Columbus Attached Pressurized Module (Figure 2-3)

ESA will provide a slightly smaller pressurized laboratory, 12.8 meters (42 feet) long
and 4 meters (13 feet)in diameter, devoted to the study of fluid physics, and life and
material sciences. It will be situated perpendicular to the boom, adjacent to the JEM.
ESA will also provide a free flying laboratory and polar platform.

5. Japanese Experiment Module (JEM) Laboratory and Exposed Facility (Fiqure 2-4)

The JEM will be a pressurized module 10.7 meters (35 feet) long, 4.3 meters (14 feet)
in diameter, and will be operated as a multipurpose research and development
laboratory At the end of the module will be a 7 7 meter 25 foot)r . ." .... • ( exposed double-
t uss facility for scientific observations, communications, and experiments requiring
short-term space exposure. A remote manipulator system will bring the experiments
to and from the airlock.

6. JEM Experiment Locjistics Module (ELM)

A 14.7-foot (ELM), 4.2 meters (13.78 feet) in diameter, will attach to the JEM. The
ELM will store consumable goods and other pressurized cargo, and can be removed,
sent to Earth for resupply, and sent back to the JEM and reattached. It also provides
for contingency rescue for the JEM crew (4).

7. Resource Nodes (Figure 2-5)

Four pressurized cylinders, about 5.18 meters (17 feet) long and 4.3 meters (14 feet
in diameter, will be attached at each end of the U.S. Laboratory and Habitation
Modules for command and control operations. One node, between the U.S.
Laboratory and Columbus Attached Laboratory, will control the communication and
tracking, propulsion, and other Station systems during assembly of the Station. A
second node, between JEM and the Habitation Module, will attach to the first node
and provide redundant system control. A third node, at the forward end of the
U.S. Laboratory Module, and the fourth node connected to the Habitation Module
will be used to control the Flight Telerobotic Servicer (FTS), and loading operations
on the Shuttle when it is docked to the Station. They will also be used to provide
support for Extravehicular Activity (EVA). Nodes 3 and 4 will each allow hemispheric
viewing and have control of proximity operations and berthing of the Shuttle.

8. Loqistics Carriers (Figure 2-6)

There will be two types of logistics carriers, pressurized and unpressurized. Both will
be carried to the Station in the Shuttle cargo bay and both will be reusable.

The pressurized carriers will be designed to accommodate the resupply and return of
hardware and consumables and to provide ready on-orbit access without EVA. The
pressurized carriers will maintain a habitable environment for crew activity, and will
provide for the accommodation of life sciences and a storage facility for equipment.
The unpressurized carriers provide a capability to transport both dry cargo andfluids.
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Upon reaching the Station the logistics elements may be exchanged for logistics
elements brought to the Station on a previous flight. Whenever elements are
brought to the Station to replace elements already on-board, the newly arrived
elements will be transferred to the Station, connected, and checked out before the

returning element is removed from the Station (4).

9. Airlock

The airlock provides an effective and safe means for transfer of crew and equipment
between pressurized and unpressurized zones. The airlock is a separate element
attached to a node by a berthing mechanism (4). Space Station Freedom will contain
one hyperbaric airlock. It will be pressurized at sea-level pressure for suiting ancl
unsuiting0 depressurization and repressurization for EVA. The pressure will be
variable, in order to treat a crew member for altitude decompression sickness (the

"bends").

10. Mobile Servicing System (MSS)(Ficlure 2-7)

The MSS will be used to support EVA, remove cargo from the Shuttle bay, and to
assemble, service and maintain the Station and attached payloads. The MSS will
consist of a Canadian-provided MSC carried by a U.S.-provided rail-mounted mobile
transporter along the truss. The MSC will consist of an arm-like remote manipulator
system, an astronaut positioning system to move an EVA-suited crew member into
position on the truss, and a special-purpose dexterous manipulator.

11. Flight Telerobotic Servicer (FTS) (Fiqure 2-8)

Currently in the definition stage, the FTS will be a highly sophisticated robot capable
of performing precise manipulations in space. It will be used for truss assembly,
installation of fixtures on the truss, and changeout of ORUs. It will also be used to

perform other routine or hazardous tasks on the truss.

Astronauts will operate the FTS from several different workstations as the manned

base develops.

12. Propulsion Assembly

Attitude and altitude will be controlled by four propulsion modules located on the
truss. Each module will contain six thrusters, each providing twenty five pounds of

thrust. The propulsion system will also include storage tanks for the hydrazine fuel.
Smaller resistojets, in the 1/4-pound thrust range, will be used for additional
reboost.

13. Attached Payload Accommodations Equipment (APAE)

This element includes the necessary hardware and distributed systems to attach,
service, store, and operate a variety of payloads on the truss assembly (4).

14. Solar Power Module (SPM)

An SPM consists of all equipment needed to collect solar energy, convert it to
electrical energy, store the energy for Station operations, transfer the electric power
where it is needed, and control t_e generation and storage function (4).
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Initially, power will be provided by eight solar array wings. Each 10.5 x 35 meter

wing consists of two blanket assemblies covered with solar cells. Nickel-hydrogen
batteries will store the energy produced by the solar arrays for use when the Station
is nn the Earth's shadow. A Power Management and Distribution System (PMAD),
will deliver controlled power to many scattered users.

2.2.1.2 Free Flying Platforms

Space Station Freedom will include three free flying platforms, each considered part
of the Station, but not attached to the manned base.

1. U.S. Polar Orbiting Platform (POP) (Fiqure 2-9)

This self-contained, free flying spacecraft will be launched by a Titan IV ELV from
Vandenberg Air Force Base (VAFB), California. It will operate in a sun-synchronous
polar orbit at, or about, 98.2 degrees inclination, and will perform observations of
Earth's biology, geology, and oceans; lower and upper atmospheric research and
monitoring; solar observations; and plasma physics measurements. The platform
will consists of a propulsion module, a primary carrier and supplemental carriers 44
feet long and 11 feet in diameter. A solar array will extend about 72 feet from the
platform.

2. Columbus Polar Platform (Refer to Figure 2-3)

The platform, provided by ESA, will be launched from Kourou, French Guiana on an
Ariane launch vehicle. It will be an unmanned free flyer in low-Earth, sun-
synchronous orbit, primarily for Earth observation payloads. The reference
configuration includes a propulsion module, a utilities and payload structure, a two-
winc_ solar array, nickel-hydrogen batteries and radiators, and communications and
tracking subsystems. Launch vehicle alternatives, servicing of the platform, and
commonality with ESA's Free Flying Laboratory are currently being studied.

3. Columbus Free Flyinq Laboratory (Refer to Fiqure 2-3)

Launched by an Ariane 5 from Kourou, French Guiana into an orbit compatible with
the manned base, the Free Flying Laboratory will be an unmanned pressurized
laboratory for long-duration microgravity applications in fluid physics, life and
materials sciences. The Free Flying Laboratory will consist of a two-segment
pressurized module, identical to the Columbus Attached Laboratory and supported
by an externally attached resource module providing power, communications and

control. Attitude control will be maintained by liquid propellant and cold-gas
thruster systems. Roll-out solar arrays and a deployable antenna will be attached.
Servicing of the Free Flying Laboratory at the manned base is scheduled no earlier
than one year after the completion of the manned base.

2.2.1.3 Assembly Sequence (Figure 2-10)

The FEL, scheduled for early 1995, will include part of the truss structure, a
photovoltaic power module and an unpressurized docking system. The U.S.
Laboratory Module will be launched in 1996, marking the beginning of Space
tation Freedom's man-tended phase. During mid 1997, the Space Station will
ecome permanently manned. The U.S. Polar Platform will be launched in late 1997.
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During the Same year, an Ariane 5 is scheduled to launch the ESA Polar Platform. The
SpaceShuttle will launch the JEM, the ESA Laboratory Module, and various logistics
modules in 1998 and 1999. By late 1999, all the baseline elements and systems will

be in place and assembly of the revised baseline configuration will be complete. This
will be followed by a one year period of operations verification.

2.2.2 Space Station Freedom Development Plan

NASA is developing Space Station Freedom through a program office which has
been assigned responsibility for program-level system engineering and integration
_= .,, ,. ,._,= =,,,4 =lom=nt¢ The Station's fliaht hardware has been divided into four

g'roau'psY,=des"ignatecl'_/V'or'l('Packages (WP), arid assigned to four NASA centers calleo
WP Centers. Figure 2-11 depicts the NASA Centers, and the principal contractors.
Table 2-1 summarizes the WP contractors and their responsibilities.

The Space Station Freedom Program milestones are shown in Figure 2-12. The
Program Requirements Review (PRR) occurred in the second quarter of 1988.
Conducted as a combined review by. Space Station program personnel, their
development contractors, and the vartous Space Station user organizations, the
requirements on the Baseline Configuration were refined during this two month
process. Following PRR, NASA and the WP contractors initiated the preliminary
d_;,,,, ,,f _,,=r== c,tntinn Freedom's structure and systems. The design will be

=_:_" "" _'_'_Preiim_na Desi n Review (PDR) and again, two years later, at the
reviewed at the ry • • • ic desi n
Critical Design Review (CDR). _ghe PDR is a techntcal revtew of the. ba__ c_.

a proach for configuration items of the flight and ground systems. /ne I_UK resutts
inPthe authorization to proceed with further design in accordance with the reviewed

design approach and interface requirements.

The CDR is a technical review of the program, conducted when the detailed design is

approximately 90 percent complete. The purpose of the CDR is to determine the
compliance with NASA requirements of the completed design and to assure that the
detailed designs of flight and ground systems are in accordance with program
re uirements The CDR results in the following: an approved set of engineering
.4Lq ..... +_÷i_n _hirh _l_fines the desian of selected configuration engineer!ng,

i_ems"an'cl'aut"h' ori'z'es't'heNASA projects t_o continue detailed design; the approva, OT
test procedures; and, the appropriate revision or update of the Level III baseline
confic_uration. The reviews are separated into two categories (MTC and PMC) to
permit early review of,the structure and systems which will be launched earlier in
Space Station Freedom s assembly sequence. Consequently, any ramification of this
EIS and its review process can be accommodated prior to the design being frozen.

Space Station Freedom's pressurized elements.and subsystems will undergo tests and
integration beginning in 1993. Initial tests wttt De performed at contractor locations
and NASA WP Centers, with final test and integration to be accomplished at

Kennedy Space Center (KSC) for the Station's manned base, at VAFB for the U.S.
Polar Platform, and at ESA's launch site in Kourou, French Guiana for theColumbus
Polar Platform and Free Flying Laboratory. _

Space Station Freedom will be assembled over a four year period beginning in the
first quarter of 1995 and ending in the third quarter of 1999. Space Station Freedom
assembly will require twenty-nine Shuttle flights, a Titan IV ELV launch for the U.S.
Polar Platform, and two ESA Ariane launchesfor the Columbus Polar Platform and

2-16



vt
Im
o
%J
rO
im

0
I,j
q.,,
o

0

,4,,,*

vl

m

_J

e-
Q.
i13
lm

ol
o

i.O

ii m

Ii m

I,.

Ol

I.i.



E-I 0

0

0

.?.

o

c13
,C
>

0

0 "_" 0

° _ _°_

0 _.-Z

L.

o

o

_u

I-- 0

o

L-
r_
E
E
:3

2-18



0

'-_ o

0 _
_j t_
v&.

0

e_,..

2-19



m

JJ

tJ m

U

tJ m

tn

_J

f_t

O't
>,,

0

O'

Z
I,- _4

O'o@
al:

@
a0

ao _e

@t m i:g I-

J_ _ _z m

,_,- f'N

vt ,_,-

0

u,'t

1:
o

°_

E
s....

o
s_

eL

E
o
"o

LL

o

4"*

W't

V't

,t"

:3

°_
LL

2-20



Free Flying Laboratory. Man-tended payload operation on the manned base will
begin in early 1996 when the U.S. Laboratory Module is launched. Space Station
Freedom will be permanently manned beginning in mid 1997.

2.2.3 Space Station Freedom Operation

Space Station Freedom manned base operations will be controlled from the Space
Station Control Center (SSCC) at the Johnson Space Center (JSC). Logistics operations
involving the manned base, including Station assembly, user outfitting, payload
transportation, Station logistics, and waste return will be performed from KSC. The
Shuttle is scheduled to visit the manned base approximately every 73 days, delivering
replacement crew members, systems, supplies, consumables, and payloads. It will
return with the relieved crew, payloads which have completed their operations,
experiment products, and waste products. Shuttle flights will land at Edwards AFB,
California, or at KSC, and the Shuttle will be unloaded at the landing site. With the
exception of one Titan IV launch for the U.S. Polar Orbiting Platform, there are
currently no plans to use expendable launch vehicles (ELVs) either in addition to, or
in place of, the Shuttle. Ifa decision is made to employ ELVs for use with the
manned base, it will be covered in the Tier 2 EIS.

Payload operations will be controlled from on board the manned base and from

distributed locations across the U.S. and in participating countries. Operations may
be performed in realtime when the Space Station elements are within range of
space-to-ground communications systems or performed using automated programs.
Payload activities on the manned base will be coordinated by the Payload
Operations Integration Center (POIC) located at Marshall Space Flight Center (MSFC),
on the U.S. Polar Platform by the Platform Support Center (PSC) located at Goddard

Space Flight Center (GSFC), and on the Columbus POP and Free Flying Laboratory by
a facility under the control of the European Space Operations Center.

Space Station Freedom manned base control and payload operations will be
performed remotely (from the ground) during early Space Station assembly. When
the manned base becomes permanently manned, these tasks will be performed
primarily by the Station crew. The Space Station operation will be conducted around
the clock on all Space Station elements. Figure 2-13 summarizes the categories of
operations functions.

2.2.4 Decommissioning

Space Station Freedom is being designed for operation for an indefinite period of
not less than 30 years. Since the Space Station is an investment by the U.S. in space
infrastructure, it is expected that every attempt will be made to extend the useful
lifetime of those facilities as long as those attempts are safe and practicable. NASA
has been successful in using spacecraft far beyond their original design life, such as
the International Ultraviolet Explorer and Voyager.

When it is determined that Space Station Freedom has reached the end of its useful
life, NASA will disassemble the Space Station and return its components to Earth in
the Shuttle. Space Station Freedom will be desiclned in modules which can be
accommodated, in the Shuttle's payload bay and-will be designed for on-orbit
assembly ana aisassembly. Plans for decommissioning of the Space Station are
included in the initial design requirements, but are not yet sufficiently laid out to be
described here.
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2.3 DESCRIPTION OF THE POWER TOWER CONFIGURATION ALTERNATIVE

The Power Tower alternative would be similar to the Space Station Freedom
Program in many respects. This configuration would fly in the same orbit as Space
Station Freedom's planned orbit and it would be assembled in space over several

Shuttle flights. This alternative would also include an unmanned co-orbiting
platform. Each of these elements is described below.

2.3.1 Power Tower Manned Base

The Manned Base Power Tower Configuration is shown in Figure 2-14. The Power
Tower would operate in a Local Vertical-Local Horizontal (LVLH) orientation, with its
keel along the local vertical direction and the solar array boom perpendicular to the
orbit plane. The Earth-pointed end of the Power Tower would contain Earth-
looking payloads. The zenith-pointed end would contain solar, stellar, and anti-

Earth viewing payloads and communications antennas. Non-viewing payloads
would be located at various places on the Power Tower and the pressurized modules
would be located near the bottom of the keel. Servicing equipment would be
located along the keel on either side, with the front and back surfaces of the keel
kept free for traverse of the Mobile Remote Manipulator System (MRMS). The
servicing, storage and equipment areas would be located at various places along thestructure(S).

Gimbaled solar array wings would provide full power at any relative alignment of
the Power Tower and sunline. Heat rejection would be provided by a combination
of body-mounted radiators on the modules, deployed non-rotating radiators on the
transverse boom, and deployed rotating radiators near the bottom of the keel.

The long, thin shape of the Power Tower would give it natural proclivity towards
gravity-gradient attitude control. Aerodynamic forces and any unbalanced side-to-
side masses would tend to cause a tilt of the keel off the nadir-zenith line, but the

ampact on the attitude control system would be minimized by maintaining
reasonable side-to-side balance in mass distributions, and by allowing the keel to tilt
slightly in the orbit plane, if required. Locations for attachment of large transient
masses, such as the Shuttle and large space construction elements, have been
selected to minimize impacts on the Attitude Control System (ACS)(5).

One of the principal advantages of this configuration would be the good viewing
afforded to all payloads, both externally-mounted and internally-mounted.

Assembly would be accomplished using the Shuttle Remote Manipulator System
(RMS) and the Power Tower MRMS after it is installed. Permanently manned
operation could begin after launch 5.

Five pressurized modules would be utilized in the on-orbit configuration: two
habitation modules, two laboratory modules and a logistics module. In addition, a
second logistics module would be provided in the program, for on-orbit exchange
with the first one, and to accomplish resupply every 90 days. Crew rotation or partial
crew rotation would occur during resupply visits.

One laboratory module would be characterized as primarily a Life Sciences research
module and the other as primarily a Materials Sciences research module. However,
either module could be modified on-orbit to support other activities.
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The Power Tower would meet the basic safety requirements of 1) operability and
safety after the loss of any one module, 2) survivability of the crew for 22 days,
and 3) rescue capability by providing safe exit from, and isolation of, any one
module from the others and sufficient life support, food, waste management,
control/communications, and rescue capability within the remaining three-modulecluster(S).

2.3.2 Unmanned Platforms

The unmanned platforms would operate as complementary extensions of the Power
Tower manned base capabilities. Their payloads would be composed of (1) a
scientific instrument or a compatible set of instruments that have a similar field of
investigation, (2) a technology development mission, or (3) commercial productionunits(S).

It is expected that the basic design should be common to the Polar and Co-Orbiting
Platforms. The platform would have a near-hemispheric field of view in one
direction. The field of view may be either inertial, for solar or astrophysics studies, or
Earth oriented. Payload pointing control would be provided by the platform core
itself, without payload gimbals, at an accuracy level suitable for most customers. The
core would accept fine error signals from the instruments, if required, to meet their
objectives.

The interface to the payload instruments attached to the platform would be
standardized to be compatible with the instrument payload interface on the Power
Tower. This would allow easy interchange of payloads on the platform. It would
also permit convenient exchange of instrument payloads between the Power Tower
manned base and the platforms.

The platform design would use Power Tower manned base elements to the
maximum extent that is cost effective. The basic elements of the platforms would be
modular and would incorporate standard interfaces to allow in-orbit servicing,
repair, and upgrading. This modularity would permit growth of the platform
capabilities while on-orbit to meet the increasing needs of future customers. The
platforms would be sized to require only one Shuttle launch to place it in orbit with
payload. This consideration limits the total platform launch weight into polar orbit.

The platform core for both platforms is illustrated in Figure 2-15. The backbone of
the core would be a flat bed structure. It would provide the mechanical, electrical,
and thermal interfaces to all core subsystems. These subsystems would be contained
in ORU modules. A bulkhead would be mounted to one end of the flat bed. On the

side of the bulkhead away from the flat bed, a truss structure would be deployed in
orbit. This truss would be built of the same elements as the manned base would.
This structure would carry the solar arrays and the propulsion thrusters.

In normal operations, the Polar Platform would be in a sun-synchronous orbit with a
2 p.m. descending node and a 2 a.m. ascending node. The + Z axis would be aligned
with the local vertical (i.e., Earth-viewing), the y axis would be normal to the orbit
plane (POP), and the + x axis would be aligned along the direction of flight.
Reaction wheels would be the prime platform actuators to control all external
disturbance torques. Magnetic torquers would be used for reaction wheel
desaturation as resulting from the accrual of momentum due to secular disturbance
torques _s).
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The platforms would be launched in a fully configured mode i e c
instruments). Therefore the initi=l _l;,,_.. __._ ....... ,J (.... ore with
inr,,, ,,,h,,, .. ,L._ _,__ , ,.., .. ,=, -,,_,,L ,_uu_ W_UlO remain uncnanaprl
.... ,,u,,vuL u_ placTorm s IITel:sme, notwithstanding the later enlargementc_f-a

platform by the addition of new instruments. The only occasion for an interruption
in the normal flight mode would be during a servicing operations when the Polar
Platform will be deboosted to a lower altitude for rendezvous with the Shuttle.

In normal operation, the COP would be flown at the same inclination as the Power
Tower. The flight altitude would be the same as the manned base. The orientation
would be in one of the two inertial modes, stellar or solar. The + axis would point
inertially to the observation object in space. The y and z axes would be oriented, in
conjunction with solar array rotation, such that the sun vector would be normal tothe solar array(S).

The COP would be launched from the KSC and the Polar Platform would be launchedfrom VAFB.

2.3.3 Rationale for Not Selecting the Power Tower Configuration

When compared to Space Station Freedom, the Power Tower configuration
exhibited a major shortcoming in the area of payload accommodations. Many of the
payloads planned for the Space Station will require a high level of microgravity
(10-6Gs). The Power Tower could not attain this level at the location of the

pressurized modules. Relocation of these modules led to the configuration
employed in Space Station Freedom. If the Power Tower configuration was selected,
some of the payloads which rely on the microgravity environment could be placed
on unmanned platforms. Other payload investigations, those requiring manned
presence, would not be possible.

2.4 MAN-TENDED APPROACH (MTA)

2.4.1 Background

In appropriating funds for the definition of Space Station, Congress mandated in the
1985 NASA Appropriations Act (Public Law 98-371) that

"NASA shall conduct a study of an option which 'phases-in' the permanently
manned features of the Station, as one of the reference configurations to be
examined in the definition studies."

The intent of Congress was to assure that, in the event that annual funding
availability should dictate a major reduction in scope, the initial Station could
accomplish useful work and would not be merely a habitation for the crew. In other
words, if a reduction in scope were necessary, such reduction would not be solely at
the expense of potential users of the Station.

This MTA was envisioned as a Station operating unmanned except for periodic visits
by a crew to conduct short-term manned mission operations. After three to five
years of man-tended operation, the man-tended facility would be phased into the
permanently manned Space Station. During the man-tended phase, the Station
would provide support for onboard user operations to the maximum extentpossible (6).
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While considered as an alternative approach, a man-tended station is not,
programatically, a viable alternative because it is not capable of meeting major

program objectives.

2.4.2 Configuration

The man-tended base would include four major discrete elements: the Man-Tended
L. an interconnecting node, an airlock, and a logistics

u " ur ose Laboratory (MM). - -- • • ce to the Space Station
M Itlp r,p,...... ......... Id be very s=mdar in appearan
system./illS COnTIgUrauun wuu .,
Freedom base except the MTA configuration would have only an MML, an airlock,
and a logistics module. No Habitation Module, Columbus Module ,or JEM would be
present, so the overall mass of a man-tended Station would be less than that of a

permanently manned one.
• ed module whose primary purpose would be to house

The MMLwould be a pressurlz..L_.o.^m, r°,_ irinn a nressurized environment. For
user equipment and St.al:lon su_u_Y_'_'4u/=_ n The MML is envisionecl as a
maximum versatihty on the mal_-L¢,,u=u _....... , ---ble of accommodating some work in a variety of
multipurpose facility capa ..... _:o,;,,a_, dedicated laboratory when
disciplines. It would oe connecteo _o = u,=_,_,,,,,e
additional modules are launched and integrated.

The interconnecting node would serve as a mounting location for the airlock,
ecialized payloads as well as a docking port for the the

Io istics modules,.and some sp .. • +k_ I_ATA " e four would be used in the
Shguttle. One nocle would be included _n =.¢ ..... , whd

permanently manned Station.

An airlock would provide a means of EVA during man-tended operations without
isolating the MML from the Shuttle• It would use the same structural shell as the

uld have only one berthing port and two hatches. As in
interconnecting node but wo• . the ermanently manned
the case of the node, the des=gn would be the same asfor P

Station•

The Logistics Module (LM) system would be used to transport consumables, spares,
and equipment to the Station and to return products and waste materials to the
Earth. It must provide both pressurized and unpressurized en vironments(6)•

2.4.3 Rationale for Not Selecting the MTA

• " II feasible and would have little impact on the design
Although the MTA ,s techn_ca Y :+ _,_ = veral imnortant disadvantages. W!th0ut

of a permanentlY ma_t_e_r _ro_ems wo s_ not be _able to be correct ea__n raeUur_c_
human presence.__..au -f fifty ,,ercent of the visiting crew s time wou!o _ _-_ user
manner: A ml_mnme_ance t_Ye_'eby drastically reducing the.time ava,laD_n_luman
TOr _l:atlon ma=n¢_ . ' .......... _, ,,o,,H==rl tn enaDle IOnCl c]urauu
tasks. Morever, the life sciences r_¢=_,, , .........

spaceflight could not be carried out.

Figure 2-16 illustrates mission capture by the MTA relative to that for a PMC. Results
are shown for various disciplines at manned visit frequencies of four and six flights
per year. The capture is expected to be less than 50 percent for all disciplines and
is as low as 20 percent• Long duration life science studies involving humans

ta ac uired from life sciences studies invoivina animals
Id not be ossible The da . q - • - • anent crew. Lif'e science

wou P " n of that avadable with a perm . a
would be only a small fractlo _ =;---L-iolo,,,, would be feas=ble and some m y
experiments invotving ptants ano m=c=uu ydisturbance leve_s existing between-manned visits.
benefit from the reduced ..... _ ...... + r,_¢fh=t nh " ble with the PMC,
Estimated data return woula oe aoouz ou p¢w_¢,,_ v ........ tama
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h slcs and chemistry research would be limited, being done primarily during
P Y" .. " t icall man ower-intensive, requiringanned wslts Technology development is cyp y P ....
m • • • andread'ustment Many tests are Ot snor_
considerable time for setup, calibration, J . • .....

ration and could be performed during manned visits. _ome tecnnology
dUvelopment missions are individually suitable for the MTA. However, data capture
would be severely limited by the work time available during manned visits.
Materials processing research and development require completion of a number of

repetitive cycles; twelve days would be inadequate for many of these missions.
tomatlon of the experiments for operation between visits would be beyond the

Au. , _L ..... .-.;.._._,4 f"r the early Station Some of the work cou!d be
ate OT l:ne art _-u_,lJ=_u v , • .

_^,,,nlich=_l hv state of the art teleoperation, although.with greatly reouceo

pro_d'u'_'ivit;anc(with a greater likelihood of equipment breaKoown.

It is estimated that about five percent of the current commercial interest in materials

processing could be accommodated. The short periods of low gravity and the
difficulty of maintaining the desired gravity level concurrent with other activities are

the principal problems.

Onboard crew activity planning would not be performed. In other words, most of
the flexibility of onboard operations afforded by the permanently manned Station
would be lost, and more complex pre-mission and realtime planning would be

required.

he formal a reements with our international partners covers their participation in
T =_r ..... ._ ¢,,_ Station A decision to adopt the MTA could, cause
a permanenuy rnd_._u a_o_
significant problems, jeopardizing current and future international cooperation in

space activities.

2.5 NO ACTION ALTERNATIVE

Under this alternative, NASA would cancel the Space Station Freedom Program and
fail to meet the presidential, and many of the scientific objectives outlined in Section

1.1.2.

The presidential objective of a permanently manned, multipurpose facility in low
Earth orbit in the 1990's would not be achieved. The U.S. obligations under the
international a reements to jointly develop a Space Station would not be met,

..... I_g_ .__ _L.:^.÷.',,_ ,,(onhanced international cooperation in space.
Tailing tO acnleve Ln_ uul_L,v_ v--_
0 portunities for private sector activiW in space would be significantly reauceo.

o. without the permanently manned Station there would be no way to flight-
A_=lifv humans for Ioncl duration spaceflight. Hence, U.S. manned ,exp_ra..t_onof

.'4L'_-'_:._._-_:._-.o_ ,,SnHIH-h_= denendent on what inTormadon we co.ulo ocJ_- .,v,,,
ul¢ :Dr,o, =y=_.,_........ 7 -- .- ,r _ __ ._ ,___ .=.... *;"" human snacetliaht
the Soviets, the currentworla leaaers In lun_j uu_a_,_,, r- _ •

Cancellation of Space Station Freedom would also severely impact U.S. and
international scientific and commercial research plans. Some research, such as the
effects of long term spaceflight on humans and microgravity research, requiring
crew intervention, could not be conducted without a Space Station. Other
experiments could be shifted to ELVs or to the Shuttle, but at an increased risk to
mission objectives. ELVs cannot provide the payload servicing and repair
opportunities of Space Station Freedom and do not provide the range of payload

mmoclations and resources capabilities which the payload complement requires.
aCCmO==navlnads could be flown onboard the Shuttle, but with reduced ob_ctives_
_-_'."- "-:_:_ ..... ;-^ _.-..,,°_ _,°_iods of microaravity exposure, cou!o no_ De u.ut_¢. =L,

aUl_ne_l_W_'_utft_;u't_oug_'m_a_ned, has a short mission duration ana ,imiteo

2-30



accommodations and resources for payloads. Payloads could be flown on multiple
Shuttle flights, but at a loss of efficiency compared to the Space Station and with
greater transportation costs, since the same payload mass would need to be lifted
into orbit more than once.

2.6 ENVIRONMENTAL CONSEQUENCES OF ALTERNATIVES

This section summarizes the environmental consequences of the proposed action,
the Power Tower, the MTA, and the no action alternatives. A summary comparison
of these alternatives is presented in Table 2-2. A detailed discussion of the
environmental consequences of each alternative may be found in Section 4.0.

The impacts of the proposed action and the other alternatives have been divided
into the three sections which follow: development and manufacture, normal
operations, and unplanned return to Earth.

2.6.1 Development and Manufacture

2.6.1.1 Proposed Action

The development and manufacture of the U.S. provided Space Station Freedom

components, payloads, and experimental devices will be conducted at existin
ground based facilities. Some expansion of the existino facilities is expected, whic_
will result in some construction activities that could effect the environment. These
potential effects will be addressed in appropriate site specific environmental

documents. The program will directly employ approximately 20,000 people during
its peak (1992-94) period, and cause up to 30,000 related jobs to be created. The
resulting overall economic impact will be positive, with appreciable local effects
expected.

2.6.1.2 Power Tower

The Power Tower would produce virtually the same environmental impacts as the
Space Station Freedom Program. Although the Power Tower would be a different
design, the development and manufacturing techniques would be the same.

2.6.1.3 Man-Tended Approach (MTA)

The environmental impacts of the man-tended Space Station would also be similar
to Space Station Freedom's impacts. Since the MTA does not include a habitation
module, slightly fewer resources would be consumed in its development.

2.6.1.4 No Action Alternative

The no action alternative would eliminate the possibility of any potential impacts
from construction of facilities associated with Space Station Freedom components.
The loss of 50,O00jobs is not expected to be greatly significant nationwide because
of the diversity ot the work force, although local economic impacts would be
significant in some areas. Cancellation costs from this alternative would be
significant. United States and international scientific and commercial research plans
would be canceled, as would payloads designed to monitor the Earth's environment.
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2.6.2 Normal Operations

2.6.2.1 Proposed Action

In the normal operating mode, Space Station Freedom is not expected to produce
major perturbations to the ionosphere during engine firings to reboost the Space
Station to a higher orbit, and from venting, outgassing and leakage. All solid waste
products and hazardous waste liquids and gases generated on-board the Space
Station will be returned to Earth in sealed containers and disposed of in accordance
with environmental regulations. The KSC has the facilities and the necessary permits
and procedures to store, treat, and dispose of both hazardous and non-hazardous
waste products. Removal of some waste products by controlled reentry and burnup
in the atmosphere is a potential option but is not planned at this time. The impacts
resulting from Space Shuttle launches have been discussed in the Shuttle EIS. The
environmental impacts of a Titan IV launch of the U.S. POP have been discussed in
the Environmental Assessment, Titan IV. No other impacts are anticipated due to the
normal operation of Space Station Freedom.

2.6.2.2 Power Tower

The environmental effects of the Power Tower configuration would be virtually
identical to those created by Space Station Freedom.

2.6.2.3 Man-Tended Approach (MTA)

The environmental effects of the MTA would be similar to Space Station Freedom,
except that the quantity of crew-generated waste would be reduced because the
crew would not live on the Station. Also, the absence of a habitation module would
reduce the weight of the Station. Should the Station reenter, the debris would be
less.

2.6.2.4 No Action Alternative

The no action alternative would eliminate any perturbations to the ionosphere due
to Space Station Freedom but additional Shuttle launches, required to replace the
lost experimental payload capabilities, would cause some minor disturbances to the
ionosphere. There will be little difference between the proposed action and the no
action alternative with respect to other environmental impacts, although the impact
on scientific and technological opportunities is significant.

2.6.3 Unplanned Return to Earth

2.6.3.1 Proposed Action

The Space Station Freedom Program is taking numerous measures in the Space
Station s design and operations planning to prevent an unplanned reentry of Space
Station Freedom. In the unlikely event that such an event did occur, Space Station
Freedom could execute a controlled or uncontrolled reentry. In a controlled reentry,
Space Station Freedom would be directed to a fixed longitude and the resulting
footprint would be minimized. Any effects to the environment from the debris
would be localized and temporary. An uncontrolled reentry could produce a debris
footprint at a random location within 28.5 ° North and South latitude. Reentry is
clearly unacceptable and NASA is implementing a wide array of measures to avoid its
occurrence. Section 4.1.1.2 discusses some of these measure_
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2.6.3.2 Power Tower

The environmental impact of reentry of the Power Tower configuration would be
similar to those created by Space Station Freedom.

2.6.3.3 Man-Tended Approach (MTA)

The man-tended Space Station would have impacts similar to Freedom's, with the
possibility of a different reentry profile created by the slightly modified
configuration.

2.6.3.4 No Action Alternative

The possibility of an unplanned return to Earth of the Space Station would not exist
if the no action alternative were adopted.

2.6.4 Summary

The four alternatives (including the proposed action), discussed above, have very
similar and minor impacts on the environment. The proposed action is superior to
the other alternatives in satisfying the Space Station program's goals and has no
significant environmental impact. Thus, it is the preferred alternative.
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3.0 AFFECTED ENVIRONMENT

The following section describes the environments potentially affected by the Space
Station Freedom program. They include portions of the Earth s atmosphere and the
sites where the Space Station will be developed and operated.

3.1 THE ATMOSPHERE

The Earth's atmosphere is composed of several layers. The lowest layer is the
troposphere which extends from the surface to approximately 10 km (5.5 n.m.). The
next layer is the stratosphere which extends from approximately 10 km (5.5 n.m.) to
50 km (27.4 n.m.). The stratosphere contains the ozone layer which protects the
Earth's population from dangerous ultraviolet radiation. The next layer is the
mesosphere which extends from 50 to 80 km (27.4-44 n.m.). This is followed by the
ionosphere which extends from 80 km (44 n.m.) to an indefinite height. The
ionosphere contains several layers which are important in radio communications.

Figure 3-1 depicts the atmospheric layers discussed above and the average operating
altitude of the Space Station manned base 463 km (250 n.m.), and the apogee of the
Polar Platform 705 km (380 n.m.).

There are, at present, some general areas of concern regarding man's impact on the
existing atmospheric environment. These concerns will be discussed in the followingsections.

3.1.1 The Troposphere

All Space Station Freedom earthbound activities will occur within the troposphere.
These include manufacturing, test and integration, transportation, and prelaunch
processing. Included in prelaunch processing are logistics operations which will

provide for the procurement, storage, and handling of on-Station supplies including
the hydrazine fuel. The transportation of personnel and logistics to and from the

Station will be provided by the Shuttle which will launch and return through this
layer. One ELV will lift the U.S. POP through the troposphere. Within the

troposphere, there are two areas of concern: (1)air quality, and (2) the greenhouseeffect.

3.1.1.1 Air Quality

The U.S. EPA, as a result of the Clean Air Act of 1970 and its 1977 amendments, has
adopted national ambient air quality standards (NAAQS) for various pollutants,
designed to protect human health and welfare. A summary of these standards is
presented in Table 3-1. Since these standards are concerned with the protection of
human life, they are applicable at the Earth's surface.

3.1.1.2 Greenhouse Effect

The Space Station is not expected to have any direct impact on the greenhouse
effect. However, experiments to be conducted on the Space Station may contribute
to knowledge about it. Short wave radiation from the sun is transmitted through
the atmosphere to the surface where it heats the Earth-atmosphere system resulting
in the emission of long wave (infrared) radiation. However, some of this outgoing
infrared radiation is "trapped" by atmospheric constituents. This reduction in the
long wave emission to space is referred to as the greenhouse effect. The most
important radiatively active atmospheric constituents that contribute to this
greenhouse effect are water vapor, carbon dioxide, and clouds. Together these
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Table 3-1 National Ambient Air Quality Standards

AVERAGING PERIOD

Sulfur dioxide

Annual arithmetic
24-Hour a
3-Hour a

Particulate matter

Annual Geometric
24-Hour

Carbon Monoxide

8-Hour a
1-Hour a

Ozone

1-Hour d

Nitrogen dioxide

Annual arithmetic

Lead

Calendar quarter

Hydrocarbons

3-Hour (6 to 9 a.m.)

PRIMARY STANDARD

(llg/m3) (ppm)

80 0.03
365 0.14

None

75
260

10,000 9
40,000 35 c

235 0.12

100 0.05

1.5

160 0.24 e

SECONDARY STANDARD
(ug/m3) (ppm)

None
None

1,300 0.5

60 b
150

Same
Same

Same

Same

Same

Same

a Not to be exceeded more than once per year.

b The secondary standard of 60ug/m3 is a guide to be used in assessing implementation plans
to achieve the 24-hour standard.

c Revision to 28,6301Jg/m3 and 25 ppm proposed 8/18/80.

d Standard attained when the expected number of days per calendar year with maximum
hourly average concentrations above 2351Jcj/m3 and 0.12 ppm is equal to one or less.

e Hydrocarbon 3-hour standard used only as a guide to develop plans for achieving ozone
standard.
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three constituents contribute roughl 7 90% of the total effect and the water vapor
contribution is the largest. The remaining 10% is due to ozone (03), methane (CH4)

and nitrous oxide (N20) (7).

In recent years it has become apparent that there are other radiatively active trace
gases, known as chlorofluorocarbons, which are playing an important role in the
greenhouse effect. They have been increasing in the atmosphere and have long
residence times in the air so that they can accumulate. There is concern that trace

gases could have as much impact as CO2 on future temperatures (7'8). The greenhouse
effect could result in global atmospheric warming which could result in glacial
melting, rising sea levels (coastal flooding), and disruptions to the ecological

balance.

3.1.2 The Stratosphere

The stratosphere is the region between approximately 10 and 50 km (5.5 n.m. - 26.4
n.m.) The most important feature of the stratosphere is the ozone layer. The

highest concentrations of ozone are found at approximately 25 km (14 n.m.) (7).

Ozone is the only atmospheric constituent which effectively absorbs ultraviolet solar
radiation from about 250 to 310 nanometers (nm), protecting plant and animal life
from exposure to harmful radiation (UV-B). Moreover, since the absorbed solar
energy is converted into thermal energy, the absorption of UV light by ozone
constitutes the principal source of heat in the middle atmosphere and is therefore

responsible for the existence of the stratosphere, a layer with a positive temperature

gradient and a considerable static stability.

In the steady state, the ozone concentration will be determined by a balance
between the rate of ozone destruction (from photolysis and reaction with atomic

oxygen) and the rate of ozone production (from reaction of atomic and molecular
oxygen). Catalytic cycles for ozone destruction are shown in the following example.

Ozone destruction: NO + 03-* NO2 + 02

Catalyst regeneration' NO2 + O -, NO + 02

Net reaction" O -t- 03 --, 202

A number of chemical compounds (e.g., chlorine and bromine monoxide, and the

hydroperoxyl radical) other than the nitrogen system just described can catalyze
ozone destruction and decrease the steady-state ozone concentration.

Evidence indicates that the atmospheric concentrations of a number of the gases
important in controlling atmospheric ozone and climate are increasing at a rapid
rate on a global scale because of human activities. Such gases include nitrous oxide
(N20), methane (CH4), carbon tetrachloride (CCI4), methyl chloroform (CH3CCI3),
many chlorofluorocarbons (CFCs) and halons (bromine-containing compounds, e.g.,
CBrF3, CBrCIF2). These gases are important sources of the stratospheric nitrogen,
hydrogen, chlorine, and bromine species that are predicted to photochemically
control the abundance of ozone. The increasing atmospheric concentration of
carbon dioxide (CO2) is also predicted to affect the abundance of stratospheric
ozone, but indirectly, by modifying the temperature structure of the atmosphere

and hence the rates of ozone destructio n(9).
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The possible long-term decrease in the ozone amount is therefore expected not only
to increase the UV-B irradiance at the Earth's surface, but also to modify the thermal
structure of the atmosphere with potential consequences on the general circulation
and on the global and local climate of the Earth (7).

The Space Station will have an average operating altitude of 463 km (250 n.m.). The
altitude can range between 278 kin(150 n.m.) and 500 km (270 n.m.). The POP will
be at an altitude of 705 km (380 n.m.). The upper boundary of the stratosphere is 50
km (27.4 n.m.). Thus, the Space Station will be approximately 413 km (227 n.m.)
above the upper boundary of the stratosphere and the Polar Platform will be
approximately 655 km (360 n.m.) above this boundary. However, the Shuttle will

launch and return through the stratosphere and an ELV will lift the U.S. POP through
this layer. The Shuttle is the baseline transportation mode between the Earth and
the manned base. Expendable launch vehicles are not in the baseline, with one
exception for the U.S. POP launch.

3.1.3 The Mesosphere

The mesosphere is the atmospheric layer between 50 and 80 km (27-44 n.m.)
extending from the top of the stratosphere to the base of the ionosphere. The base
of the mesosphere is characterized by a warm layer, which is produced by the
absorption otsolar ultraviolet energy by ozone. Although the concentration of
ozone is greatest at lower stratospheric altitudes, there are production/destruction
mechanisms at work in the lower mesosphere. The temperature profile then
decreases with height reaching a minimum at the top of the mesosphere. The layer
is an area of variedwind speeds and directions due to the occurrence of turbulence
and atmospheric waves(10).

3.1.4 The Ionosphere

The ionosphere is the layer of the atmosphere characterized by high ion and
electron density. It is composed of several regions which are particularly important
to radio communications. The lowest clearly defined region is the E layer, occurring
between 80 and 140 km. The F1 region andthe F2 region occur in the general area
between 140 and 1000 km, the F2 region always being present and having the higher
electron concentration. The maximum electron concentration occurs in the F2
region around 300 km (11).

Above the maximum electron concentration in the F2 region, the electron
concentration decreases monotonically out to several Earth radii, where the Earth's
magnetic field and the protonosphere (the outermost portion of the ionosphere) are
terminated by the solar wind or interplanetary plasma(12). The Space Station
Freedom will orbit the Earth in this atmospheric layer. The Shuttle will pass through
this layer en route to and from Space Station Freedom, and a Titan IV ELV will place
the U.S. POP into orbit within this layer.

3.2 NATURAL RESOURCES

3.2.1 Energy Sources

The energy sources which will be used in the manufacture of, and by the Space
Station include: solar energy, water and fossil fuels, all of which are readilyavailable.
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3.2.2 Rare Elements

The rare elements which may be used in the Space Station and a roucjh estimate of
their quantities are: gold - 25 Ibs; silver- 220 Ibs; and titanium -6,000 [bs (13).

3.3 SITE SPECIFIC ENVIRONMENT

n is concerned with the primary Centers responsible for Space Station
This sectio " • ' n and launch activities.

. includin s stems development and implementatlo , ........
Freedom. .... "=goY_^-_;--ns renardin n the Space 5tatton Will oe aaaressea in
ku_ure Sll;e speCl/l_, u=_.l_=u _ =_

environmental documents. An inventory of all major ground-based
_lePa[apmental/operational facilities both existing and proposed, that are required
to support the Space Station program is presented in Appendix C.

3.3.1 George C. Marshall Space Flight Center (MSFC)(Work Package 1)

is a multidiscipline Center for the design and development of maior space
The MSFC .;,,,, c,,=t=m¢ orbital svstems, and scientific and ap,pl!cations payl,oads for
Ud,,=pu, _°=,v,,._ ....... , " " res within Reastone Arsenal nex_ Lu
space explorat=on. The MSFC occupies1800 ac -r°ater detail, the MSFC has

ville Alabama. I-or more InTormauu,, =,,u _
HUnpt_aredan Environmental Resources Document (ERD)dated November 17, 1980 (14).

3.3.1.1 Land Use

The MSFC is located in the southwest portion of Madison County, within Redstone
Arsenal, which is bordered on the south by the Tennessee River, the City of
Huntsville on the north and east, and the Huntsville/Decatur Jetport on the west.
The Department of the Army controls 36,818 acres of Redstone and leases 1,841 to
MSFC. About 4,075 acres of the Wheeler National Wildlife Refuge lie to the south
and west of the MSFC. Half the acreage of MSFC is designated as test areas. About
250 acres are open areas, 100 acres set aside for recreation, and the rest under a
conservation plan to reduce soil erosion from the rolling and steep hills.

3.3.1.2 Hydrology and Water Use

Surface water is abundant in Madison County and supplies the drinking and
industrial water used at Redstone Arsenal and the MSFC. Domestic sewage is treated
at the MSFC and discharged to Indian Creek. Certain areas, particularly the test area,
use septic tanks and disposal fields for sewage treatment. Industrial wastewater,

latin and other metal finishing processes, is treated in a lined lagoon
mostly from p clt Heav metals are treated and removed to anof 3 5 million gallon capa " y. Y

approved off-facility landfill.

3.3.1.3 Air Resources

The MSFC is in a temperate climate with warm, humid summers and temperatures
ranging from an average of 77°F in summer to 47°F in winter. Normally the area air
quality is well below the NAAQS; nearby mountains to the south and west tend to
create air pockets conducive to inversions and air stagnations. The average annual

precipitation at MSFC is 52 inches.
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3.3.1.4 Socioeconomic Factors

Huntsville, Alabama has a current population of 167,400. Approximately 128,300 of
those residents are employed, with non-manufacturing firms (96,100 employees)
being the largest employers in the city. Overall unemployment was estimated at
5.2% in July 1988. It had increased from 4.8% in May 1988.

3.3.1.5 Additional Factors

The MSFC maintains a list of endangered and threatened species from state and
federal lists. Taking of listed species is prohibited on MSFC property. The Redstone
Test Stand, Propulsion Structural Test Facility, the Saturn V Dynamic Test Stand and
the Neutral Buoyancy Space Simulator are preserved as National Historic Landmarks.

3.3.2 Lyndon B. Johnson Space Center (JSC) (Work Package 2)

The JSC is located on a 1620-acre tract near Clear Lake in the southeastern portion of
Harris County, Texas, between Houston and Galveston. The JSC is devoted to

research and development activities related to manned spaceflight, including crew
support, instrumentation, spacecraft structures, telemetry, communications and

tracking. For more information and greater detail, the JSC has prepared an
Environmental Resources Document for the Lyndon B Johnson Space Center

dated November 1980 (1s).

3.3.2.1 Land Use

The topography of the JSC site is typical of coastal plains along the Gulf of Mexico;
the land is relatively flat and open, with oaks and pines growing along water
courses. Near-surface soils at JSC consist mainly of high plasticity clays. Mission
control, management, administration and crew training are clustered for efficiency
in a central mall. Spacecraft shakers are remotely located, as are thermochemical

test facilities, the anechoic chamber test facility and the antenna test facility.

3.3.2.2 Hydrology and Water Use

The primary source of water use at JSC is treated surface water supplied by the City
of Houston, plus two wells for emergency use only. Domestic wastewater is

transported by underground pipes to the Clear Lake Water Authority (CLWA)
treatment plant. Photographic laboratory wastes and oil-water wastes from garage
and shops are treated and disposed of by a licensed contractor approved by the
state. Blowdown wastewater from cooling towers and the thermochemical test area

are aerated and chemically treated at the JSC, before discharge to the CLWA plant
under pollution control regulations.

3.3.2.3 Air Resources

The JSC is situated in an area of predominantly maritime climate with relatively high
humidity. The mean daily maximum and minimum temperatures range between
92°F and 44OF. The average annual rainfall at the JSC is 46 inches. The average
cleansing power of the atmosphere is usually effective in this flat terrain; ambient
air quality is well within national primary and secondary standards set by the EPA.
Natural gas is used at the JSC as the primary fuel.
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3.3.2.4 Socioeconomic Factors

The population of Houston, Texas is 1,700,000. The economy in the Houston, Texas
area has been depressed in recent years due to the economic problems in the

petroleum industry. In June 1988, the unemployment rate for Houston was 7.7

percent.

3.3.2.5 Additional Factors

State-listed endangered species with possible occurrence at JSC include the red wolf,
the American alligator, the Houston toad, and mostly migratory birds: the brown

pelican, the southern bald eagle, the Arctic peregrine falcon, Attwaters prairie
chicken, the interior least tern, and the red cockaded woodpecker. In compliance
with requirements of federal agencies, JSC does not permit the taking of
endangered species within the site. The Apollo Mission Control Center has been
designated as a National Historic Landmark.

3.3.3 Goddard Space Flight Center (GSFC) (Work Package 3)

The GSFC is a diversified research and development laboratory in suburban Prince
George s County, Maryland capable of conducting a full range of space science and
application programs, including unmanned Earth-orbit scientific missions studying

, stem henomena, astrophysics, and space communication.near-Earth s ace solar sy . P . (16).
The GSFC pSl_lished an ERD in 1980 and an update of that ERD in January of 1986

3.3.3.1 Land Use

The GSFC is situated on a 1,121-acre site 15 miles from Washington, D.C. A
develo ed campus-like portion contains more than 30 buildings; an undeveloped
area o_°Z_00 acres contains remote testing sites. Erosion and sediment control policies
reduce soil erosion at GSFC, and construction techniques divert, direct and control
sediments in storm runoff. Solid wastes are dumped into the Prince George's County
landfill. Hazardous chemical wastes are disposed of by a private contractor under

pollution regulations.

3.3.3.2 Hydrology and Water Use

The GSFC obtains its drinking water from the Washington Suburban Sanitary
Commission, about 135 million gallons per year. Rainwater drains into a 6-acre
manmade lake in the northwest corner of the Center and then into Beaverdam
Creek, a tributary of the Anacostia River. Wastewater, about 80 million gallons a
year, is discharged into Western Branch Sewage Treatment Plant. 5tormwater
runoff is drained into on-site streams via a storm sewer-system,

3.3.3.3 Air Resources

The GSFC is located in a region with a humid temperature, semi-continental climate.
Annual mean temperature is 50°F with annual precipitation at the GSFC averaging
45 inches. Mobile source pollutants in Prince George s County often exceed state

and national standards.
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3.3.3.4 Socioeconomic Factors

More than $568 million annually isdistributed into the local economy by the GSFCin
payroll, construction, operations, research and development, amounting to two
percent of the jobs in Prince George's County. Employees are predominantly
scientists, engineers, professional and technical workers.

3.3.3.5 Additional Factors

Nearly 200 species and subspecies of birds reside on the GSFC land, including several
rare species. An occasional bald eagle is spotted during spring and summer months.
The Spacecraft Magnetic Test Facility, is designated as a National Historic landmark.

3.3.4 Lewis Research Center (LeRC) (Work Package 4)

The LeRC consists of two separate operations - the Cleveland site and Plum Brook

Station. The Center is responsible for research in electric power generation for space
vehicles, and aircraft propulsion systems. Management and development of the
Atlas/Centaur and Titan/Centaur launch vehicles is another function of the Center.

For more information and greater detail, LeRC has prepared an ERD dated May,1983(17).

3.3.4.1 Land Use

The Cleveland site of the LeRC is located in the southeast corner of Cleveland, Ohio,
adjacent to Cleveland Hopkins International Airport. The Center contains a total of
351 acres, and is bounded on the north by a mobile home park which is part of the
Riveredge Township. The western boundary borders on Rocky River Reservation,
which is part of the Cleveland Metropolitan Park System. The south edge of this site
is adjacent to a residential area which makes up a portion of the City of Brook Park.

The land is generally flat, with the exception of Abram Creek. The steep, narrow
valley of Abram Creek bisects the west side of the site. Elevations range from 760
feet above mean sea level at the eastern edge of the property to 660 feet at the
valley floor of Abram Creek. The Plum Brook Station encompasses 6,500 acres in Erie

County, Ohio. The site is located approximately four miles south of the City of
Sandusky, and lies in Perkins and Oxford Townships. The area surrounding the Plum
Brook Station is primarily rural and agricultural with low population density.

3.3.4.2 Hydrology and Water Use

Abram Creek which bisects the Cleveland site flows into the Rocky River. During low
flow periods wastewater treatment plant effluent makes up nearly all the discharge
of the Creek. Water quality is generally poor. The Rocky River has been classified by
the Ohio EPA as a State and National Resource Water. Groundwater supplies some
domestic users; however, the wells do not have significant yields. The water supply
to the site is provided by the Cleveland Water Department from Lake Erie. The
Cleveland Southerly Wastewater Treatment plan handles the sewage from the site.

The Plum Brook Station comprises the drainage area for 11 streams, 6 of which

emanate from within the Station. In accordance with the station's NPDES permit,
water quality monitoring of Ransom Brook, Plum Brook, and Kuebeler Ditch is
maintained on a continual basis. Water quality in these streams is generally within
the limits prescribed by the NPDES permit. Precipitation is the source for
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ndwater in the area The limestone beds underlying the site yield between 5
grou • " ter are two se arate water

25 allons per minute. Raw water and domestic wa . P .....
ydemgat the i_lum Brook Station• The station has its own raw water system, wnlcn

ed for non-contact cooling, process water, and fire protection• The water
is us .......... ..... ..^_....4/_= Erie water The domestic water is used for

lie(] o thiS s stem is u,=u_a_,_ L,_._
pPPonal I_Yeds, s_nitary needs, heating system makeup, and steam generation ano
• rovided b the Erie County Perkins - Margaretta Sewer and Water District. All
I.s,Pl,,,° _°neYated at the Plum Brook Station is treated on-site. This systeminc/udes

a¢;ic_l'i_g'filter plant, various sewers and lift stations, several package _u,aL,u.
plants, and septic tank-leach field systems.

3.3.4.3 Air Resources

Both the Cleveland site and the Plum Brook Station are in the same climatic regime-
continental modified by Lake Erie. Monthly mean temperatures range from

approx!mately.27°F in January.to 74°F i.n _u/YinPl_eci_tearti°;a is eVsenolYwdfa_ributed
u hout the ear averaging aoou¢ _, ; • -throg .. Y. _ .__L .......... _tthe Cleveland site and 28 inches peryear
iTIcantl avera Ing :)z IllC.=_ la_ y_=,sign_" _Y , _==_=.__ ^: ..... i;,,, _ nitorinn stations in the vicin!ty of the

Plum urOOK 3(aLion _.= Huo,,_y ,,,0 =
at - . . " mbientair ualit standards are being me_

veland site indicate federal and state a q Y ......
Cole sulfur dioxide, nitrogen dioxide, and total suspended particulates, lne vlum
Brook Station is located in an area of generally good air quality however, there has
been some difficulty in Erie County in complying with the state standard for total

suspended particulates.

3.3.4.4 Socioeconomic Factors

ordm. to the 1980 Census, the total population of Cuyahoga County is 1,493,738.
Acc _." g ....... ,.......... ;matel,, 2 500 full-time permanent employees.

Llevelano site employ_ dpp,u^, I , • •
/ne - _ -_: ........ -_ ,-_ _ wide ranne of professional disciplines inermanent sI:aTT 15 cumpu_u v. ,= =
tne p .... _:_,_ __._... A= --_-_ont are ennineers and scientists. Tote!

ience ano DUSIReSS, OT WRIER clUUUl. ,+u IJ_;m_-_; . _ .............

SC_nlnvment at the Cleveland site represents approxlmatety u._ percent OT me LUCd_

la'bor-(orce (859,200) of Cuyahoga County.

The 1980 Census population for Erie County was 79.655. The number of personnel at
the Plum Book Station varies between 50 and 300 including NASA, contractor, and

seasonal employees.

he Cleveland area and Erie County experienced an economic crisis of major
T ..... L .... ,.. ,oon._ The unemnlovment rate increased significantly and

Pl_°l_i°zr_'°;st_lne_la_b;r'fYor'ce_ecreased as p_eople left the area to seek employmen_

elsewhere.

3.3.4.5 Additional Factors

There are numerous endangered animal species that may occur at the Cleveland site.
There are no threatened or endangered plants known to be located at the site. The

endan, ered vertebrate that could occur in the site is the peregrine falcon. Plum
°neck Sta_?_n is one of the few relatively undeveloped areas, !nthe re_ion a.nd
...... and woodlands The flora andtauna wnicn mlgn_u_ _uu_,ucontains both wetlands
in these habitats are a characteristic of the northeastern United States. Some of
these could be threatened or endangered. Taking of endangered species is

prohibited on the LeRC property.
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Indians occupied much of Erie County during the prehistoric period. There are
approximately 133 archaeological sites of known historical significance lying outside
the fence encircling the central area of Plum Brook Station. Numerous sites also
probably exist within the fence. Three of the identified sites outside of the fence

were previously placed on the Ohio Historical Society Register, and the remaining
130 in 1980 and 1981. The Rocket Engine Test Facility, the Zero Gravity Research
Facility, and the Spacecraft Propulsion Research Facility are designated as National
Historic Landmarks.

3.3.5 John F. Kennedy Space Center (KSC)

The KSC is located on approximately 140,000 acres on Merritt Island, Florida, in
Brevard County. The KSC is the major NASA installation for launch operations and
related programs in support of both manned and unmanned space missions. For
more intormation and greater detail, the KSC has prepared an ERD dated November
1986 (18)from which much of the following information is derived.

3.3.5.1 Land Use

Of the 140,000 acres at the KSC, 95 percent is underdeveloped land" uplands,
wetlands, mosquito control impoundments and open water areas. NASA maintains
operational control of 6,507 acres of the KSC, divided into three zones: a launch
support area, a general support area and a launch impact zone which extends out
into the Atlantic Ocean. The 6,655 acres of land north of Launch Complex 39 known
as the Canaveral National Seashore is administered by the U.S. Fish and Wildlife
Service (USFWS).

3.3.5.2 Hydrology and Water Use

Surface waters surrounding the KSC include portions of the Indian River, Banana
River, Mosquito Lagoon and all of Banana Creek, which had connected Banana River
and Indian River until 1964 when the KSC crawlerway was built. Surface water

quality at the KSC is generally good. NASA, the USFWS and Brevard County maintain
water facility monitoring stations within and at the KSC boundaries. Approximately
38 sites are sampled on a quarterly basis. The KSC receives its water supply from the
local public supply utility. All discharges into groundwater at KSC are performed
within Florida Department of Environmental Regulation standards.

3.3.5.3 Air Resources

The climate at the KSC is subtropical with short, mild winters and hot, humid
summers but no discernible spring and fall seasons. Ambient air quality at the KSC is
well within EPA's national primary and secondary standards. Temperature ranges
from 40°F to 75°F in the winter andfrom 70OF to 95°F in the summer. Thunderstorms
are frequent, May through September. All of Florida is susceptible to hurricanes, but
more often in the Keys and panhandle. The average annual rainfall at the KSC is
45.2 inches.

3.3.5.4 Socioeconomic Factors

Approximately 18,000 people were employed at the KSC in 1989, about 13 percent
civil servants(19). Peak employment at the KSC was 26,000 in 1968, during the Apollo
program. The local economy depends upon the health and activity of the KSC, the
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largest employer in Brevard County. The visitors center, Spaceport USA, is second
only to Disney World as the most frequented tourist site in the state.

3.3.5.5 Additional Factors

Endangered species in the KSC area include four species of turtle, the bald eagle, the
wood stork, red-cockaded woodpecker; the Florida panther and the West Indian

manatee.

3.3.6 Vandenberg Air Force Base (VAFB)

The VAFB occupies 98,400 acres along the south-central coast of California and is
located approximately 140 miles north of Los Angeles. It is the launch base for the
Titan IV ELV. In addition to the Titan program, the VAFB is a base of operations for
testing of the Minuteman and Peacekeeper (MX) Intercontinental Ballistic Missiles
(ICBMs) and space launch activities for the Scout, Delta, and Atlas space vehicle
programs. The Department of the Air Force has prepared a Final Environmental
Assessment for the Titan IV program dated February 1988 (2°), from which the

following information is derived.

3.3.6.1 Land Use

The VAFB is located in the northern part of Santa Barbara County and comprises 5.6

ercent of the land in the county. The land along the northern and easternounda_ is primarily open space and grazing land. The western and southern
boundanes border the Pacific Ocean. A large portion of the VAFB is open space. A
central area, referred to as the cantonment area, is dedicated to base support. An
airfield is located a short distance northwest of the cantonment area. The remaining
areas of the base are dedicated to missile launch facilities.

3.3.6.2 Hydrology and Water Use

Three major streams drain the VAFB - the Santa Ynez River, San Antonio Creek, and
the Santa Maria River. Numerous smaller ephemeral and intermittent streams drain
the steeper coastal canyon on the base. Groundwater quality is regarded as poor to
medium with concentrations of Total Dissolved Solids (TDS), chloride, and iron

exceeding drinkin 9 water standards. Surface water quality is also regarded as poor
to medium with high concentrations of sodium chloride, iron, aluminum, and TDS.
Most of the the VAFB water supply is pumped from groundwater sources via ten
wells on base. In FY 1986, the VAFB purchased 9 percent of its water from the Park
Water Company. Wastewater is transported to a treatment facility in Lompoc, at an
on-site package sewage treatment plant, and a septic tank leach field system.

3.3.6.3 Air Resources

The climate is categorized as mediterranean. The annual average temperature is
55OF, and precipitation averages 12.7 inches. The widely varying terrain results in
great variations in wind speed and direction. Coastal fog is common during the
summer. In 1986, the VAFB exceeded the state ozone standard.

3.3.6.4 Socioeconomic Factors

The population of Santa Barbara County was estimated to be 332,700 in 1985. The
VAFB has influenced population growth patterns in the county over the last 30 years.
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The working population at the VAFB was 15,016 in 1986, an increase of more than

4,600 over the previous ten years.

3.3.6.5 Additional Factors

merous endangered and threatened species which may occur in the
There are nu . • a le ra whale, and the
VAFB area. These include the brown pehcan, bald e g. , g . Y .......
unarmored threespine stickleback. Taking of endangered specms is proniDitecl on

the VAFB property.

There are more than 600 archaeological sites recorded within the boundaries of the
VAFB. SLC-10, a Thor missile launch complex built in 1958, represents the early years
of historic efforts to put a man in space, and has been declared a National Historic

Landmark.
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4.0 ENVIRONMENTAL CONSEQUENCES

This section addresses the potential environmental effects of the proposed action, as
identified in the Space Station Freedom EIS scoping process, and as specified in the
Council on Environmental Quality's regulations for environmental impact
statements.

4.1 POTENTIALLY SIGNIFICANT IMPACTS

This section addresses the areas of concern which were identified during the scoping
process, described in Section 1.5.

4.1.1 Space Station Reentry

It is possible, although it appears highly unlikely, that Space Station Freedom or
some of its components could reenter the atmosphere following a number of
planned or unplanned events such as: 1) the inability to supply the propellant
necessary to stay in orbit; 2) collision with orbital debris or with the Shuttle; and 3)
multiple major onboard system failures. Reentry of the Space Station is possible
because aerodynamic drag on the spacecraft reduces its velocity, which could cause
it to fall out of orbit un|ess it is reboosted periodically. The following section
describes the possible causes for Space Station Freedom's reentry into the
atmosphere and discusses the environmental impacts of various reentry scenarios.
Reentry of the Space Station is clearly unacceptable and NASA is implementing a
wide array of measures to avoid its occurrence. Section 4.1.1.2 explains these
measures which will drastically reduce the risk of Space Station reentry.

4.1.1.1 Possible Causes of Space Station Freedom Reentry

The possible causes of Space Station Freedom reentry are:

1) Orbital Decay from Lack of Propellant

The dominant mechanism affecting orbit lifetime and propellant requirements
for the Space Station is aerodynamic drag. The drag force is directly proportional
to atmospheric density. Unfortunately, very large uncertainties are associated
with predictions of density due to the random nature of solar activity, which
strongly influences density. Although the solar activity varies cyclically with an
11-year average period, the exact level of activity within the cycle cannot be
predicted with precision far in advance. The orbit decay rate due to drag is also
proportional to the ratio of the cross sectional area of the vehicle to its mass.
Space Station Freedom will be the largest spacecraft ever assembled and it has a

large cross sectional area, but it also has a large mass so that its orbit decay
properties are not unusual. Major factors affecting atmospheric density and,
thus, aerodynamic drag are explained below:

Solar Flux Variations. The density distribution in the Earth's atmosphere is
h!ghly dependent on the amount of heat received from the Sun. The sun's

ultraviolet radiation flux is the primary source of this heating, and its intensity
Is dependent upon solar conditions. In general, there are short term
variations in the flux such as the daily or diurnal heating which creates a bulge
in the atmosphere on the hemisphere of the Earth facing the sun, and there is
a longer period of variation associated with the well known 11-year sunspot
cycle.
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In the years approaching a sunspot maximum, solar activity increases with
subsequent increased atmospheric heating, thus causing an increase in density
at higher altitudes. There are short term flux variations from day to day which
are rather difficult to predict, but a smoothed average of solar flux over a

period of several months shows a definite pattern that repeats with some
degree of regularity.

Geomaqnetic Index. Also affecting the atmospheric density distributions are

geomagnetic storms which occur when clouds of charged particles collide
with the Earth s magnetic field. These storms are correlated with the 11-year
solar cycle, increasing in frequency and intensity toward a cycle maximum, but
the exact mechanism by which they heat the atmosphere is not understood.

During the assembly phase, it is planned that the Space Station will be boosted by
its onboard propulsion system to an altitude that results in the Station decaying
to assembly altitude just in time for the next Shuttle rendezvous. The normal
orbit maintenance strategy as shown in Figure 4-1 will provide Space Station
Freedom with sufficient fuel to maintain orbit for 180 days following a Shuttle
servicing (fuel replenishment) mission. Normally, servicing missions will occur

approximately every 73 days.

2) Collision with Orbital Debris or the Shuttle

Space Station Freedom could execute a controlled or uncontrolled reentry into
the Earth's atmosphere as a result of a collision with orbital debris. Orbital debris
is the manmade component of the large particle/object environment. The
natural component of this environment is meteoroids•

The natural meteoroid environment has historically been a design consideration
for spacecraft Meteoroids are part of the interplanetary environment and
cw====n thrnua_t Earth's orbital sDace at an average speed of 20 .km/s (--45,0.00

mphi. r" At'any=one ,nstant, a total of 200 kg (441 Ibs) of meteoroid mass Is Wll;nln
2000 km (_-1100 n.m.) of the Earth's surface. Most of this mass is concentrated in
meteoroids with average diameters of 0.1 ram.

Within this same 2000 km (_-1100 n.m.) above the Earth's surface, however, is an
estimated 3,000,000 kg (--3300 tons) of manmade orbiting objects. These objects

are mostly in high inclination orbits and sweep past one another at an average
speed of 10 km/s (--22000 mph). Most of this mass is concentrated in objects
larger than 10 cm (4 in) the lower size limit that is tracked by the U.S. Space
Command radars. About 7000 objects are currently being tracked by the U.S.

Space Command. Approximately 3000 of the 7000 trackable fragments are spent
rocket stages, inactive payloads, and a few active payloads. A smaller amount of
mass, about 40,000 kg (44 tons) comprises the remaining 4000 trackable
fragments. Most of the objects in the latter class are the result of over 90 on-orbit
satellite fragmentations. Recent ground telescope measurements of orbiting
debris combined with analysis of hypervelocity impact pits on the returned
surfaces of the Solar Max spacecraft indicate a total mass of about 1000 kg (1 ton)
for orbital debris diameters of 1 cm (<_r inch) or smaller, and about 300 kg (700
Ibs) for orbital debris diameters smaller than 1 mm. This distribution of mass and
relative velocity is sufficient to cause the orbital debris environment to be more
hazardous than the meteoroid environment to most spacecraft operating in
Earth orbit below 2000 km (--1100 n.m.) altitude including the Space Station
Freedom. (21)
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Orbital debris protection requirements as well as requirements for fault tolerant
systems for Space Station Freedom have been developed to minimize the
possibility that a collision with debris will result in a failure that will endanger
Space Station Freedom's survivability. There is a remote possibility, however, that
a collision with orbital debris or the shuttle will result in either a controlled or
uncontrolled reentry. The controllability of the reentry depends upon whether
the guidance and propulsion systems are lost during the collision. A controlled
reentry is possible if the guidance and propulsion systems are operational after
collision; in this case, it could enter the atmosp.here over the ocean. If the
guidance and propulsion systems are lost during collision with debris, an
uncontrolled reentry would occur; in this case, it could theoretically reenter the

atmosphere at any point in its orbit including over land and populated areas.

3) Multiple Major Onboard Systems Failures

Major systems failure also could result in either a controlled or uncontrolled
reentry. Failures which leave the guidance and propulsion system operational
would permit a controlled reentry. Failures which affect these systems could
allow it to reenter uncontrolled before the systems could be repaired. Space
Station Freedom's flight control systems will be designed and operated to allow
continued operation in the event of multiple systems failures, practically
eliminating probability of uncontrolled reentry in this situation. These measures

are explained in greater detail below.

4.1.1.2 Measures Taken to Prevent Space Station Freedom Reentry

The Space Station Freedom program has taken several steps to reduce the
probability of Space Station Freedom s reentry into the atmosphere. These measures
fall into two broad categories, design requirements and operational procedures.

All systems in the Space Station Freedom program are given a criticality category.
Criticality 1 systems are systems whose failure endangers crew safety and Space
Station Flight Element (SSFE) survivability; these systems are two failure tolerant.
Criticality 2 systems are systems whose failure endangers critical mission success;
these systems are one failure tolerant. The remaining systems are categorized as
Criticality 3, noncritical functions, and they are zero failure tolerant.

This will allow the Space Station to remain on orbit after experiencing two systems
failures in each Criticality 1 system. The propulsion and guidance systems required to
maintain the orbit are among these Criticality 1 systems. The required failure
tolerance will be implemented throuc_h systems redundancy and physical separation
of critical systems. The implementation of redundant systems will allow continued
performance of each critical function should multiple failures occur. The physical
separation of systems will reduce the probability of a single event (e.g., collision with
orbital debris) disabling the red undant systems.

In addition to these provisions, Space Station Freedom's reliability and
maintainability requirements further reduce the likelihood of failures resulting in
reentry. All critical systems must have a minimum probability value of 0.9955 of
experiencing no failure due to meteoroid and debris impact which would endanger
its survivability. (22) Design requirements also direct that all critical systems be
designed for on-orbit maintenance without interruption of the critical service. This
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on-orbit maintenance capability will also allow for modifications or improvements
to be implemented which enhance the reliability or capability of the Space Station.

Space Station Freedom's operational procedures will also reduce the probability of
reentry. The Space Station will maintain a propellant reserve which will allow it to
remain on orbit if a scheduled resupply flight is missed or if systems failures render

the reboost system inoperative. If necessary, contingency, procedures will be
implemented to extend its orbital lifetime. These include 'feathering" the solar
arrays and changing the Space Station's attitude to reduce aerodynamic drag. These
actions could extend the orbital lifetime by an additional 150-200 days.

4.1.1.3 Environmental Impact from Reentry

The Space Station will orbit the Earth at a 28.5 degree inclination with the equator.
The ground track of this orbit will range between 28.5 degrees North and South
latitude as shown in Figure 4-2. Because the Station is restricted to this orbit, any
impact from reentry would occur within this latitude range.

Environmental impacts from Space Station Freedom reentry may be divided into two
classes-those resulting from reentry of major components of the systems and those
resulting from reentry of smaller pieces.

1) Reentry of Major Components

The environmental impact of Space Station Freedom's reentry depends on the
nature of the reentry. The Space Station will be designed with an orbit
maintenance system capable of providing control over reentry parameters. If this
system is operational, its high drag profile and thrusters will allow the rapid
reentry of the vehicle at a given longitude. An orbit could be selected wel/in
advance which would place the splash footprint over water. No significant,
lasting disruption of the marine environment would be expected and no loss of
life or property anticipated, since warning would be given to maritime traffic in
the area. Potentially hazardous fluids on Space Station Freedom could be
released into the atmosphere, but the quantities (shown later in Table 4-3) are so
small that only localized effects of short duration would occur. Release of the
Station's hydrazine fuel into the atmosphere would result in like effects.

If the Space Station were to reenter uncontrolled, more significant
environmental impact could result. Without sufficient propulsion capability for
retrograde and/or attitude control, it could reenter the atmosphere at a
shallower angle than otherwise would be the case. This would result in a splash
footprint at a random location within 28.5 degrees North and South latitude.
The Space Station Freedom program will conduct a study to quantify the hazards
associated with the Space Station's reentry and to define any subsystem
requirements to reduce potential hazards. The study will be conducted after
sufficient detailed data about its design is generated and reviewed during the
PDR process in 1990-1991. The results of the study will be incorporated into the
Tier 2 EIS. The hazards analysis will estimate the amount and characteristics on
any debris surviving to ground impact, develop de-orbit trajectories, define
debris impact footprints, and supply human injury and property damage
probability distribution for various reentry scenarios.
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2) Reentry of Minor Debris

Minor collisions with orbital debris or the Shuttle or a minor explosion aboard the
Station could conceivably result in some debris reentering the Earth's
atmosphere. However, any debris which did reenter the atmosphere would
almost certainly burn up. (23)

4.1.1.4 Incomplete and Unavailable Information

A complete reentry analysis is necessary in order to quantify the probabilities
associated with the reentry hazard. The discussion in this section of accidental
reentry has been limited to a qualitative analysis of the reasonably foreseeable
adverse impacts on the human environment. This evaluation was based on
information available at this stage of Space Station design.

As the Space Station Freedom development program progresses, the necessary data
to perform a quantitative probability analysis will become available. The analyses
will follow the PDR in 1991, when actual weight, assembly sequence, and other
Station system characteristics are baselined. Until this information is known, any
quantitative analysis would have to be based on extrapolations of previous
spacecraft data.

Characteristics of reentry are strongly dependent upon the configuration. In
considering how to approach a study of the reentry hazard, it was determined that
an analysis based on extrapolated data would not be sufficiently accurate to merit
the cost of the study, given that the analysis would have to be repeated for design
purposes once actual Space Station configuration is finalized.

When the necessary data is available, analyses will be performed to:

1) assess the probability of reentry during assembly and operations;

2) assess breakup and identify reentry footprint;

3) identify the probabilities associated with Space Station debris striking a
populated area;

4) to the degree possible, quantify the probability of a debris strike causing loss
of life or property;

5) recommend subsystem design or operations changes, if necessary, to minimize
probability of reentry and risk from reentering debris.

These efforts will ensure that the reentry risk is understood, adequate measures are
taken to reduce reentry probabilities, and where necessary, that measures are taken
to mitigate any unacceptable risk.

4.1.2 Space Station Freedom Decommissioning

The environmental impact of the Space Station's decommissioning would be limited
to the effects of the Shuttle flights necessary to disassemble and return it to Earth.
The environmental effects of Shuttle launches have been addressed in the Shuttle
EIS (24), the Final Tier 2 EIS for the Galileo mission (2s) and the Final Tier 2 EIS for the
Ulysses mission (19).
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4.1.3 Payload Operations

Payloads may contain radioactive tracer material of the type commonly used in life
sciencesresearch, for example. Other toxic substances associated with payloads will
also be allowed onboard. The radioactive tracer material that is permitted onboard
will conform to Occupational Safety and Health Administration and Nuclear

Regulatory Commission regulations applicable to federal radiation workers. All
radioactive material will be monitored while on board the Station and triply (or dual
fault tolerant) contained. In addition, prior to permitting the radioactive material
on the Station, studies will be performed to determine whether an accident
involving a spill of the material can be cleaned up. If it cannot be cleaned up
effectively without compromising Criticality 1 and 2 systems, it will not be allowed
on the Station.

Toxic chemicals and other materials will also be permitted onboard, but they will not

be permitted to come in direct contact with the crew. Triple (or dual fault tolerant)
containment restrictions also apply to these materials, because exposure of these

materials may endanger the crew, a Criticality 1 safety category. Two examples of
such materials are acetonitrile and gallium arsenide; other examples are given in

Tables 4-1, 2, and 3.

Because of the above precautions and the small quantities of radioactive or toxic
materials involved, no significant environmental impacts are expected due to

payload operations.

The KSC has facilities and procedures for handling hazardous materials. Hazardous
and explosive materials have been used at the KSC for many years. Extensive
procedures exist to prevent accidental releases and remedial capabilities also exist in
the event of an accidental release. Therefore, the handling of potentially hazardous

payloads for the Space Station program will not be a new or unique experience.
There is no significant environmental impact expected during the handling of

payloads.

4.1.4 Return and Disposal of Waste Material

4.1.4.1 U.S. Laboratory Module and Logistics Carriers

The U.S. Laboratory Module will house the experiments package for microgravity
materials and life science research. Within the Laboratory Module, 20 double racks
will be provided for user experiments and support equipment, and an additional 8
double racks will be provided for laboratory support equipment, such as gloveboxes,
freezer, cameras and other equipment. Experiment packages installed within these
racks will be exchanged with other packages during the lifetime of the Space
Station. The experiments conducted within the Laboratory Module will require
periodic resupply of consumables, and in turn will generate waste products,
including excess consumables. These waste products will require containment and
disposal, normally by return to Earth in the Shuttle.

The Laboratory Module will be delivered to orbit as a unit. The laboratory will be
delivered only partially equipped due to Shuttle launch weight constraints. The
additional equipment, experiments, and consumables for initial operational
capability will be delivered on later flights. After achieving man-tended capability,
the Laboratory Module will be serviced by additional logistics flights over the
lifetime of the Space Station. Nominal reservicing will be at approximately 73 day
intervals.

4-8



Top-level Space Station program requirements restrict the disposal of supplies,
consumables, and wastes onboard Space Station Freedom. The relevant section
states:

Station Wastes. The Space Station program shall provide a capability for safe
disposal of all manned base waste materials and products.

Safe Deorbitinq. No equipment, material, or consumables transported to the
Space Station manned base shall be reconfigured, erected, or otherwise operated
upon in a manner preventing it from being returned to a condition suitable for
safe return to Earth or for a controlled and safe jettison. (26)

1) Materials from the U.S. Laboratory Module

The U.S. Laboratory Module's waste products may be divided into two
categories: excess consumables and waste materials. Each category is discussed
below:

Consumables. Consumables are those materials that will be initially and
periodically brought to the U.S. Laboratory Module to supply and support the
experiment packages in the module. Consumables delivery will nominally occur
at 73-day intervals, but this period is not fixed at this time. Consumables will
include inert and some toxic materials, in gaseous, liquid, and solid phase. Table
4-1 provides a summary of consumables carried to the U.S. Laboratory Module's
Microgravity and Materials Processing Facility (MMPF) component during a
typica| resupply mission.(27) These consumables will be brought to the Space
Station in pressurized and unpressurized logistics carriers via the Shuttle or
expendable launch vehicles.

Waste Materials. Waste materials are those generated by the experiment
packages in the Laboratory Module. Waste materials include waste from specific
experiments and unused consumables no longer required. A summary table of
wastes for a typical 90-day service interval from the MMPF is presented in Table
4_2.(27)

Among the waste materials produced in the laboratory module are some toxic
wastes which have the potential for interacting with the environment under
certain contingencies. For early experiment packages Table 4-3 is provided,
indicating the typical type, mass, and volume of these toxic wastes. (28)

2) Processing of Laboratory Module Wastes

As seen in Table 4-2, wastes can be in solid, liquid, or gaseous phases. In
accordance with directives of the Space Station Program Requirements
Document and NASA policy, no solids will be released to space. Venting of some
nonhazardous liquid and gaseous materials will be permitted. Unavoidable
venting from leakage of the pressurized modules will also occur.

Solids, and retained liquids and gases will be returned to Earth for disposal at
ground sites, or will be removed by controlled reentry and burnup in the
atmosphere.
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Table 4-1

Microgravity Materials Processing Facility(MMPF)
Summary of Sample Consumables

MATERIAL MASS
(kg/90 days)

_ B_I_IBBIB lira

Acetonitrile 8.91

Acetylene 2.8 E-6
Air 91.98
Argon 52.05
Cleaning Fluid 223.76
Carbon Dioxide 2.80
Water 2,027.25

Hydrogen Gas
Helium Gas
Gloves

Nitrogen Gas
Oxygen Gas
Lab Clothing
Liquid He
Liquid N2
Methanol
Oil-cutting
Test Tubes

Wipes

Gas Subtotal
Liquid Subtotal
Solid Subtotal

TOTAL

0.311
1.222
0.0034

170.814
23.672

VOLUME STATE
(Liters/90 days)

11.37
5.1 E-3

64,737.04
32,169.1

224.16
1,856.04
2,027.25

3,452.82
6,844.08

0.0038
136,649.4

16,545.44

Liquid
Gas
Gas
Gas
Liquid
Gas

Liquid

Gas
Gas
Solid
Gas
Gas

REMARKS

Volume at standard temp & pressure
Volume at standard temp & pressure
Volume at standard temp & pressure
Various fluids for various uses
Volume at standard temp & pressure
23.4% Distilled; 69.6% depyrogenized;
7% deionized
Volume at standard temp & pressure
Volume at standard temp & pressure

Volume at standard temp & pressure
Volume at standard temp & pressure

5.141
45.88

507.7
8.909
7.4095

16.033
8.45 E-4

342.822

8,433.48
21.18

8,797.48

102.813
367.052
774.41

11.37
8.233

319.79
1.11 E-3

262,216.2
3,278.8

422.60

265,917.6

Solid

Liquid
Liquid
Liquid
Liquid
Solid
Solid

Gas

Liquid
Solid

Shipped at 4.2 ° k
Shipped at 77 ° k

Volume at standard temp & pressure

Reference: MMPF Data Release Vol II A.
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Table 4-2

Microgravity Materials Processing Facility(MMPF)
Summary of Sample Wastes

MATERIAL MASS VOLUME
(kg/90 days) (Liters/90 days)

_ ImnlmUllmm ==_=
Acetonitrile 8.91

Acetylene 2.8 E-6

Acid 1.315

Air 91.98

Ampholyte 1.05

Ampoule Frag. .02

Argon 45.58

Call. Solution 1.05

Cat. Solution 0.12

Cleaning Fluid 220.20

Carbon Dioxide 2.802

Comb. Product 65.36

Culture Med. 48.20

Water 2,025.5

Dielectric Fluid 17.59

Disinfectants 32.78

Fuel .0038

Helium Gas 51.3

Gloves 0.004

Nitrogen Gas 326.94

Oxygen Gas 0.58

Growth Syr. 17.70

High Vac. Wax 0.002

Lab Clothing 5.141

Methanol 8.909

Micro. Beads 1.1

Oil-cutting 7.4

Protein sol 0.18

Quartz Tube 0.0443

Reactors 34.762

Resirvior Sol 0.12

Seed Prod. 0.272

Solvents 3.615

Staining Sol. 0.13

Test Tubes 16.03

Wipes 0.001

11.37

5.1 E-3

1.0523

64,737.04

0.525

0.197

28,535

1.05

0.12

220.59

1,856.042

85,050.6

48.20

2,025.5

14.07

32.78

.091

295,153.19

O.OO4

269,684.1

410.6

44.27

0.003

102.813

11.37

2.18

8.23

0.18

0.0177

23.114

0.06

0.05

3.615

0.13

319.78

0.001

Gas Subtotal 78.34 3,895.01

Liquid Subtotal 2,442.9 3,271.60

Solid Subtotal 868.17 965,855.6

FOTAL 3,389.44 973,022.2

STATE

Gas

Gas

Gas/Liquid
Gas

Gas/Liquid
Solid

Liquid

Liquid

Gas/Liquid

Gas/Liquid
Gas

G/L/S

Liquid

Liquid

Liquid

Gas/Liquid
G/L/S

Gas

Solid

Gas

Gas

Solid

Solid

Solid

Liquid
Solid

Liquid

Gas/Liquid
Solid

Solid

Gas/Liquid
Solid

Gas/Liquid

Gas/Liquid
Solid

Solid

Gas

Liquid
Solid

REMARKS

Reference: MMPF Data Release Vol II A.
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Table 4-3
Potential Laboratory Module Toxic Waste Products

(Per service interval, nominally 90 days)

EXPERIMENT

Acoustic Levitator

Alloy Solidification

Atmospheric Physics
Autoignition Furnace

Bioreactor/incubator
Bridgman, Large
Bridgman, Small

WASTE PRODUCT

Water 8.0 8.0
Cleaning fluids 8.0 8.0
Wipes 0.02 1.3
Gloves 0.16 0.80

Melt vapors 0.01 0.02
Cleaning fluids
Metal particles
TBD
Selected gas 60.0 48000 G
Cleaningsolvents 1.0 1.0 L
Water 10.0 10.0 L
Combustion products TBD TBD G
TBD

kg/SI Ltr/SI PHASE REMARKS

__ m mmmmmm
L
L
S
S
G

9.90 9.90 L
1.20 0.21 S

Bulk Crystal

TBD
Water 10.5 10.5 L
Boule fragments 0.85 0.15 S
Etchants 0.03 0.03 L

Cutting/polishing fluids 2.50 2.50 L
Wipes 0.03 1.63 S
Gloves 0.02 1.00 S
Sawblades TBD TBD S

Cont Flow Electrophoresis
Critical Point Phenomena

Droplet/Spray Burnincj
Electroepitaxy

Electrostatic Levitator
EM Levitator
Float Zone
Fluid Physics

Free Float

TBD
Disinfecta nts
Cleaning solution
Sample material

Wipes
Gloves
TBD
Arsenic
Boule fragments
Lab clothing etc.
Etchants
Gallium arsenide
Gallium
Polishincjsolution
TBD
TBD
TBD
Cleaning solution
Water
Solvents

High Temp Furnace

TBD

2.60 2.60 L
0.06 0.06 L

10.56 3.0 L
0.02 0.98 S
0.24 1.20 S

0.70 0.70 G
0.17 0.14 S
7.0 294.0 S
0.0 0.0 L
0.88 0.88 S
0.35 0.70 G
7.0 7.0 L

0.6 0.6 L
138.0 138.0 L

1.50 1.50 L

Reference:

TBD

OSSA Space Station Waste Inventory Nov _°5
(1 of 2)

4-12



Table 4-3

Potential Laboratory Module Toxic Waste Products
(Per service interval, nominally 90 days)

EXPERIMENT WASTE PRODUCT kg/SI Ltr/Sl PHASE REMARKS

Isoelectric Focusing
Latex Reactor

TBD

Cleaning fluids
Initiator

Styrene

0.06 0.06 L
0.01 0.01 S
0.01 0.01 L
2.28 1800 G
2.50 2.50 L
0.01 0.01 L
0.01 0.81 S
0.02 1.00 S

Membrane Productions Cleaning fluids
Water
Monomer solutions

Wipes
Gloves

Optical Fiber Pullin 9
Org & Poly Crystal Growth

TBD

Cleaning fluids
Water
Solvents

Melt vapors
Wipes
Gloves

0.13 0.13 L
52.0 52.0 L
26.0 26.0 L
0.0 0.01 G
0.01 1.27 S
0.52 2.60 S

Premixed Gas Combustion TBD
Protein Crystal Growth

Rotating Spherical Convect
Solid Surface Bruninc=l
Solution Crystal

Surf

Vapor Crystal

Variable Flow Shell Gener.

Water
Disinfectants

Wipes
TBD
TBD
Water
Nitrogen
Sodium aluminate
Sodium chlorate

Sodium hydroxide
Cleaning solutions
Solvents

Xray film developer
Xray film fixer
TBD
Etcha nts

Polishing solutions
Tra nsport agent
Boule fracjments
TBD

4.9 4.90 L
0.35 0.35 L
0.04 2.28 S

230.1
5.85

11.96
5.07
1.95

26.00
3.25

TBD
TBD

0.40
40.0

2.90
35.0

230.1 L
4693.0 L

11.96 L
5.07 L
1.95 L

26.00 L
3.25 L

TBD L
TBD L

0.40 L
40.0 L

200.0 G
3.50 S

Reference: OSSA Space Station Waste Inventory Nov 86
(2 of 2)
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The KSC has in existence solid and hazardous waste management programs. The
disposal, management, and recovery of nonhazardous wastes at KSC is
accomplished by landfill, incineration, and recycling.

In compliance with the provisions of the RCRA of 1976, and the implementing
regulations adopted by the State of Florida (17.30 F.A.C.) NASA has developed a
program of managing and handling hazardous and controlled wastes at the KSC.

The organizational and procedural requirements of the KSC hazardous waste
management program are contained in KHB 8800.7 "Hazardous Waste
Manaaement." This manual and supporting documents clearly delineate the

procec_ures and methods to obtain/provide hazardous waste support, establish
approved operations and maintenance instructions, and provide instructions to
maximize resource recovery and minimize costs.

The control of hazardous materials at KSC is assigned to the Waste Management

Authority (WMA). The WMA functions to direct and document relevant actions
for hazardous or controlled waste handling, sampling, staging, storage,
transportation, treatment, and disposal/recovery for compliance with all local,
state, and federal regulations. A Technical Advisory Committee consisting of
assigned representatives of the KSC legal, design, medical, and safety
organizations provide support in the development and review of operations
plans and procedures involving hazardous and controlled wastes. (is)

Hazardous wastes are stored in RCRA-regulated storage units until ultimate
disposal at off-site RCRA-regulated storage units. The KSC also maintains a
comprehensive inventory of all RCRA defined hazardous wastes, and controlled
wastes not regulated by RCRA. (18) Any radioactive wastes would be shipped off-
site to a federal repository. Transportation of any hazardous materials will be
done in accordance with the appropriate federal, state, and local regulations.

Given the existing the KSC waste management programs and the relatively small
quantities of waste generated by the Space Station (Tables 4-2, and 3) no
significant environmental impact is expected from the disposal of these wastes.

3) Effects on the Environment of Laboratory Module Consumables and Wastes

Space Station operations planning has taken into account nearly all foreseeable

contingencies to minimize the adverse effects on the environment from the
Earth s surface up to orbital altitudes. A large data base has been built on the
lessons learned from past experiences on the Skylab missions and unplanned
reentry, and from the operations of the Shuttle integrated manned payloads
such as Spacelab. These missions presented many of the same problems facing
the Space Station, and these lessons are being applied in the Space Station
design.

Program requirements have been developed to reduce or eliminate hazards and
negative impacts on the earth, atmosphere, or space environments. Negative
impacts may result from low probability accidents or operational contingencies
such as failure to reboost the Station.

Effects on Air Quality. Effects on the air quality from the Laboratory Module
are negligible. Wastes and consumables are maintained in enclosed
containers except when processed in orbit. The only potential for interacting
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with the air mass is during ground handling (refer to Sec. 4.1.3) and during
launch and recovery operations when the materials will be transiting through
all regions of the atmosphere. There are no releases of any toxic materials
during normal handling and delivery planned. Accidents or emergencies
might result in some release to the atmosphere During ground o erations,
effects of an accident wo " " P -

_ uld likely be local and temporary because quantities
ot toxic materials will be sufficiently small that diffusion to harmless levels
would quickly occur. Controlled reentry and burnup, if used, would also have
negligible effects due to the destructive process of the reentry burnup, and
the diffusion and dispersion properties of the atmosphere, especially below
the tropopause.

Effects on Land and Water Quality. Unplanned release of toxic wastes could
Occur during certain Shuttle landing contingencies, but the amounts of

material are small, and the effects are confined to the land and water areas
adjacent to an impact or ditching site. NASA maintains contingency safety
procedures which would be implemented to minimize any release of toxicwastes.

Effects on Biotic ResourcesJ Environmental impacts are insignificant, given the
containment packages and the enclosing vehicle or module used to deliver
wastes and consumables. Under normal circumstances, there is no direct
contact with the environment.

Effects on Human Health. Toxic materials are kept from human contact
during delivery and recovery transport. Exposure of ground personnel is
prevented by operational procedures and equipment which reduce or
eliminate human contact. Accident potentialities are addressed by safety
procedures and contingency plans at the processing sites.

4.1.4.2 International Laboratory Modules

These modules are similar in function and slightly smaller in volume to the U.S.
Laboratory Module. Program requirements dictate identical processing of
consumables and wastes for all elements of the Station. As with the U.S. Laborat

Module, there are no significant environmental impacts anticipated resulting fr°_
launch, orbital resupply and waste removal, and deboost/reentry operations of
these two international modules.

4.1.4.3 Habitation Module

The Habitation Module will have a minimum of two independent waste collection
systems for both fecal and urine collection. The systems are being designed to avoid
contamination of the cabin atmosphere with waste material, bacteria, toxicants, or
noxious odors.(22) Processing of metabolic waste, regenerative process effluents, and
other waste for conversion to useful or disposable products or for return to Farth
shall be provided by the Environmental Control and Life Support System (ECLSS).

Waste products from the habitation module and the laboratory modules will be
handled separately.
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4.2 ADDITIONAL IMPACTS

This section addresses impacts other than those which were identified in the scoping

process.

4.2.1 Atmospheric Impacts

4.2.1.1 Introduction

The atmospheric impacts of the U.S. launched components of the Space Station can
best be discussed by separating them according to the layers of the atmosphere as
discussed in Section 3.1. The impacts from the ESA launched components are

expected to be about the same as the U.S. launched platforms.

4.2.1.2 Tropospheric Impacts

The air quality impacts, which will occur in the troposphere as a result of the Space

Station program, will come from several sources:

• Manufacturing activities associated with the fabrication of Space Station

components, experiments, and payloads

• Major planned modification of facilities, in order to support the program

• Launch activities

• Transportation of hardware and supplies

The manufacturing of components of the Space Station and equipment for use in

experiments and payloads will be performed at ground-based facilities. These
II be both commercial and governmental installations located

facilities wi • . ,.. , _L----- =--.:,_*;_ are subject to the air quality
t the countr • All OT l:rle_ .i¢=._.ll,L,_= _. J ..... L_

trhg°u_gh2us promulgate_ by the EPA, and the respecuve _ates wnere _n¢ facilities
ted NASA will require that its Space Station contractors conform toare Ioca • . . . " "ssions as a result of the Space

prevailing air quahty regulations. Any.=ncreases m eml
Station Freedom program are expected to De m=n_ma=.

In the event a major modification of either a contractor's or a NASA facility is
ification will be assessed in appropriate environmental

required, such mod . L ___:=:._._..n necessary environmental permits
documents prior to making sucn muu_.,_,,_i,-,,. The -,
will be obtained prior to making any major modification.

• hts, over approximately four years, beginning in 1995, will
Twenty nine Shuttle fllg - ---- - • • " d to orovide routine logistical

ct the S ace Station m orbit an ,- ' " n
be needed to cons_ru P ....... =-- _.,-;n_ a one year penod will be te.

oft The maximum number OT launcnc_ uu,,,,,-j _ " reviousl
supp. " -= -_ "he Shuttle launches on the the atmosphere has been p Y
lne impact u. L
addressed in the Space Shuttle EIS. (24)

In the Space Shuttle program EIS, atmospheric impact analysis was based on a launch
• ts er ear from Kennedy Space Center• The current launch

rate of 40 Shuttle fhgh ..P .Y,_ = _-L_ ,..... _._ ,o,_ ired for the Space Station are
' s tnan tna1: inu _du,,_,,== ,_.4urate is substantlall les . " _---: • do not represent any

' ' NASA_ current launch man,fest planning and ...... I r Orbitin-
!ncluded in ........... .4 ;,, ,_,= Snace Shuttle EIS analysis. 1.1)e u,._.. ,vo aL_ _=^rig

_r_c_aSrea(_Vp_ _i?l_;_unch'e'd'on _l=,tan IV expendable launch ven,cie..ne _, ,_-_=
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on the atmosphere of the launch of the POP were included in the baseline launch
schedule addressed in the Environmental Assessment TITAN IV Space Launch VehicleModification and Operation.(20)

Transportation of hardware and supplies to the launch site will not result in a
significant increase of air pollutant emissions. Thus, air quality impacts should beinsignificant.

In summary, there are no si_Inificant adverse atmospheric impacts expected within
the troposphere as a result ot the Space Station Freedom program.

4.2.1.3 Stratospheric and Mesospheric Impacts

The impact of the Space Station on the stratosphere and mesosphere (i.e. ozone
layer) will result from the flights of the Shuttle through these layers, and from the
use of trichlorotrifluoromethane (CFC 113) during cleaning operations around the
launch area. The impact of these activities has been discussed in detail in the Space
Shuttle EIS(24), the KSC EIS (29), the Final Tier 2 EIS for the Galileo mission(25) and theFinal Tier 2 EIS for the Ulysses mission(19).

Given that the S a " '
p ce Station s normal operatin altit

km (250 n.m.) above the oz • - g ude will be approximatel 463
expected due to its presence °ne layer (i.e. the stratosphere), no significant impYact is

4.2.1.4 Ionospheric Impacts

The ionosphere is the region of the atmosphere above 80 km where the action of the
sun's radiation results in positive ions and electrons. This is the region where the
Space Station will be located for its lifetime. There are two environments which are
of concern: (1) the natural environment, which is that which exists in the absence of
the Station, and (2) an induced environment, includi
photon,, and wave environment which results fro- "Lng'the molecular, particulate,

oojec_ tlvinn at r it=J _,,,_,,,4, .L ..... L .L . ,,, _u afs_uromg el-rects of a large
environment is the contaminant environment which is produced when solids,

• , = o b .... o_,_¢u_ u-uugn cne tonospnere. A subset of the induc d

liquids, or gases are released from the system and interact with the induced
environment in an arra_completely understood.( c_ of chemical and physical processes, which are not

The potential sources of releases to the ionosphere from the Space Station are:

• Thruster firings for the Space Station, Shuttle, and the associated platforms

• EVA propulsion system operation

• Leakage

• Outgassing

• Venting

The primary propulsion system for the S ace Stati
There will a/so be verv small r ' " P ..: on will be a hydrazine s ste
of 1400°F. The v i-_,,o .... .esJstojetswhJch will burn.waste gases at a tern Y m.

hldra_-m,,_ _y_em wdl be used for altitude c perature
ontrol, backup attitude
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Table 4-4

Possible Space Station Contaminants*

MOLECULAR
VAPOR WEIGHT

LEASE AMOUNT

Atoms

Helium 4

Neon 20

Argon 40

Aluminum 27

Phosphorous 31
54.9

Manganese

Gallium 69.7

Arsenic 74.9

Cadmium 112.4

Indium 114.8

Tin 118.7

Tellurium 127.6

200.7
Mecury

Lead 207.2

7.5 X 1025a

3.0 X 1024a

1.5 X 1024a

1015 tO 1017b

1015 tO 1017b

1015 tO 1017b

1015 tO 1017b

1015 tO 1017b

1015 tO 1017b

1015 tO 1017b

1015 tO 1017b

1015 tO 1017b

1015 to 1017b

1015 to 1017b

Molecules

Carbon Monoxide 28
28

Nitrogen
32

Oxygen

Carbon Dioxide 44

Acetylene 26

Sulfur Hexafluoride 146

2.1 x 1022c

1.1 x 1025c

9.4 x 1024c

1.4 x 1024c

2.3 x 1022c

4.0 x 1023c

aAtoms
bAtoms s"1
cMolecules per run

ounts were estimated prior to recent configu-
* These amq ..... Rorause Station venting..!s .now

ration cnan_l_= .... ., ..... _;mates are likely to
o increase, ¢n_¢ ¢=-,

p.lanned t ___,_._ ^,.im=_= will be included in Tier II
change. An upuateu ==-, ......
of the EIS.
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control, and reboost. The resistoje t system will be used to augment reboost when

waste fluids are available.(31) The U.S. POP propulsion will be provided by a
monopropellant hydrazine system.

Based on preliminary studies and experience with numerous satellites and the
Shuttle, the ionospheric impact of the aforementioned propulsion systems is not
expected to be major. Future studies are planned to increase our knowledge of the
global ionospheric impact of these propulsion systems.

A variety of molecular contaminants resulting from leakage, outgassing and venting
Is expected. It is possible that these contaminants could produce an ionized cloud
which will trail behind the Space Station like the tail of a comet.(30) Table 4-4 is a
summary of some possible contaminants from materials science and life science
experiments on the Space Station.(32) The atoms listed in this table should present no
hazard to the Space Station environment. However, the molecules listed in the table
can be hazardous to both the optical and plasma environment. Further studies are
needed in order to better understand. (1) transient behavior of the release,
including gas dynamics, collisional airglow excitation, and chemical reactions; and
(2) long-term global distribution of the material in neutral and ionized states. The
Combined Release and Radiation Effects Satellite (CRRES) scheduled for launch in
1990, is expected to provide the necessary data to enhance our understanding inthese areas.

As an experiment to study the modification of the plasma density by the release of
chemically reactive vapors, the Shuttle Orbital Maneuvering Subsystem (OMS)
engines on the Spacelab 2 flight were fired for 16 seconds at a 317 km (174 n.m.)
altitude over the Arecibo Observatory on July 30, 1985. The release included CO2,
H2, and H20 which contribute to the chemical depletion of the ionresolution in . " osphere. Hi h

coherent scatter radar observations showed that a localized depletior "hole" was g nformed
in the Ionosphere which fell and eventually (-S min)

disappeared within the bottomside F- region ionosphere (33) Emissions from the
Space Station s propulsion system could have a similar effect.

The environment around the Space Station will be altered by the presence,
operation, and motion of the Space Station. Several of these effects may be difficult
to predict quantitatively. Some of the known induced effects are as follows:(34)

• Plasma wake. Variation of plasma density from leading to trailing sides

• Neutral wake. Variation of neutral density

• Plasma waves induced by vehicle motion

• Vehicle glow on the side facing into the velocity vector

• Change of local plasma density and production of electrical noise caused byspacecraft charging

• Enhancement of neutral density and chanrqe of neutral composition by
outgassing, off-gassing, effluent dumps (iT any), and the plumes fromthrusters

• Emission of conducted and radiated electromagnetic power by systems on theSpace Station
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• Deliberate perturbation of the environment by active experiments and

devices such as the following:
_. Transmitters/wave injectors
-- Particle beam emitters; accelerators
-- Plasma emitters such as cold cathode plasma bridges

-- Chemical releases
-- Laser beams

• Visible liQht generated by the Space Station and reflections, from it that affect
observations

• nd volta e potential differences in the vehicle due to
Induced curre.n_ a _ g which are generated by the motion of
E=Vxu electric fields (0.1 - 0.5 volts/m) . . e can clraw current
the Space Station (v) through the magnetic field (B). Thes
through the surrounding plasma.

• Currents and other effects in the plasma produced by exposure of surfaces
held at different potentials (e.g., parts of solar panels)

." of the S ace Station on the ionosphere are not completely
In summary., the impa_s - -P onfined to the vicinity of the Space
understood; however, theY are expectedtobe, c =-=le or Ionn duration impacts are
Station. Based on present knowieage, nu ,=,_,= _,.- °

rm localized hole may occur during reboost similar to that
anticipated. A. short te. _: • unications should not be
observed in the Areclbo experiment. Radio comm
significantly affected (3s) NASA- as hart of its mandate to maintain the chemical and

• " " u er'atmosphere, will continue to study the ionospheric
physical integrity of the pp Station u on it NASA has committed to
environment, and the eff¢cts of the Space . - P-. ." -- - ' n of the

which have low outgassing cnaractensucs m me construcuo
use mater!als .... • • • will be instituted as needed.
Space Station. Addlttonal mltlgatwe measures

4.2.2 Aquatic and Terrestrial Ecology

No direct effects are anticipated on either the aquatic or terrestrial ecology as a
result of the Space Station. These communities could be affected if major
construction activities become necessary. Impacts associated with these activities

" ubse uent facility documents. In the highly unlikely event of
would be addressed in s q. : S ace Station to the Earth s
a catastrophic accident resulting _n the reentry of the p
atmosphere, some localized, short term impacts could occur in the splash/impact

footprint•

4.2.3 Water Quality

water uality is expected as a result of the Space Station.
No significant impact on . q ....... ,..... ;._, ovistinn state and federal water

"" " and contractors Will comp=y vv,u, _,- = ...... dressedNASA faahtms ..... L_ _L.._,^ ,., ,_, ter nuatltV nas _een aa .
• " " t OT _ne _.u_u= v,, ..a -1 . .

quahty regulations. ]._e _m_c_ :_,.,=,, ,,÷ ,h° NA_;A Centers on water quahty nave
• _L-- t"--_*,,_, l_Im, ll'l'11"l*'b I'I_'_" llll: lllllJl[;l'i"l" Vl ,.i,..- ........In 1:ne _pa_c .,,,u..,,.-
been reported in the Environmental Resources Document prepared by each Center.
In the highly unlikely event of a catastrophic accident resulting in the reentry of the
Space Station to the Earth's atmosphere, some localized, short term impacts could
occur in the splash/impact footprint.
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4.2.4 Noise

The main impact on the acoustic environment will result from the Shuttle flights.
This impact has been previously discussed in the Space Shuttle EIS. Any impact due
to construction activities necessary at ground based facilities, will be assessed in
subsequent environmental documents as appropriate. Acoustic impacts from other
aspects of the Space Station program are considered to be insignificant because all
development activities will take place indoors.

4.2.5 Transportation

Transportation of Space Station components, payloads, propellants, fluids, etc., to
and trom various locations within the United States will be accomplished by
standard commercial transportation procedures. In all cases, applicable local, state,
and federal regulations on air, water, and ground transportation will be observed.
These transportation activities will contribute to the consumption of fossil fuels
(gasoline, diesel, and jet fuel). No significant environmental impacts are anticipated
due to transportation activities associated with the Space Station.

4.2.6 Nonionizing Radiation

Radio transmissions between the Space Station and Earth will be sent using the
Tracking and Data Relay Satellite System (TDRSS). The maximum output to the
TDRSS antennas is about 750 watts which is spread by the antennas over man

_l_e_il°m;terSr _ehinSs_S_letSi_s a peak .ground exposure below 10 .6 milliwatts/cm _,
y s recognized as safe for long-term exposures. The

TDRSS uplink power levels have been placed under security classification and are
unavailable. The use of large antennas at the White Sands Ground Terminal

indicates that the effective radiated power levels will be high. The OSHA safety
standards permit an occupational exposure of 10 milliwatts/cm 2 and brief public
exposures of 5 milliwatts/cm 2 are tolerated (e.g., microwave oven leakage).
Exposures at or below 1 milliwatt/cm 2 have no long-term effects on mammals.

The beam transmitted from the ground Station is directed up through a clear area
toward the Space Station, so that there is little opportunity for the public to receive
significant exposures. The off-axis (side lobes) power levels usually decrease to 0.01
of the on-axis values for angles greater than 5 dearees from the axis. The antennas

are pointed more than ten degrees above the FIorizon. Ground Station design
requirements thus preclude most public exposures.

4.2.7 Socioeconomic Effects

As can be seen from the previous discussions in Section 2, approximately $24 billion
(in real year) dollars will be spent on the Space Station during the period between

1982 and 1998 when the Station hardware development is complete. In the peak
year of development activity, this money will directly affect the lives of over 50,000
employees, in dozens of companies across the nation. Approximately 19,000 of
these will be employed by the WP Contractors and the support contractors in Reston,
Virginia; the rest will be subcontractor and vendor employees. This discussion will
focus on the prime contractors and their major subcontractors. Figure 2-11 identifies
the WP Contractor locations. Minor subcontractors and vendors have not yet been
selected and so are not identified here.
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• " "obs and dollars will go to about thirteen states (the WP Centers
The vast majority of J . .LL =L_ ,-.t .... +r;rGlinn own to 13erhaps another, ten
___ ..._,,=_nr teams] Wlln LFle uoial=_._ L,, ...... _ d. __-__:^._ All ,,÷ these
dllU _,.Vit,.iu_,-_.v- -. i: ..... .J +..._.._¢,._,'r=IT n comucllll_:_l, r.._,, v. -ractors su pllef_ dlIU LIOIlaH ..... IO r m
states (the subcont .-L,'_uPJL-- ¢ .... ¢+=fion Freedom program, as the progra

. neTIt Trom ul_ _laa_¢ _-""communities Will .De__. . he local economies• The impact is posiuve
provioes jobs, socl.al pride, and Income to ..t...... ,,mm,,nities than others Impact

• • " nefits bein greater ,- =u,,,= w, ...... • .nationwide, with De ._. ,g.... L ...... _ ..,;u take nlace may be substanttai. In
he communities wnere u,¢ we,,. --,,, - _'" ......... r- anoon some of t ....... _ ....... _*;o= of the NASA W_' Lense s

man cases, however, tne clues anu.. cu,.,;.,u.,,,_ n _tandard unemployment
Y rs are well populdt_d, have low t .....

aerospace contra_o d economies• These areas will be less strongly affected by the
rates, and dlverslf
Space Station Freedom program.

As would be expected, about 30% of the jobs are in California where most of the
nation's aerospace research, development, manufacturing, and testing takes place•
Another 47% is located in those states where there are NASA Centers with

predominately Space Station-related businesses•

The following subsections discuss, in detail, the economic impact of the proposed
action on the communities surrounding the NASA Centers and other locations most

affected.

4.2.7.1 George C. Marshall Space Flight Center (MSFC) - Work Package 1

is the rime contractor in conjunction with Marshall's WP 1,
The Boeing Company ._ . .P., _ __. ...... ,_=_ re inteoration and testing of,

• " r me aetallea uus,_jw,, ,,,°,,,,.....tu , _ .
and IS respons+Ible fo rv and Habitation Modules and the environment control
the Sp=_¢ _,=.,..n Laborato.
and life support system and certain module outfitting.

ein . a roximately 20 subcontractors will be emploved for WP 1.
In addition to Bo .g- PP .,, _ .... .^.^.4 ;., _,, r major reoions of'the country"

" " the WP Will De C.¢lll.t=J=u ,,, .vU j _
Most of the lode in.. _ =_- _,--._._.. Aooroximately 4,400 employees

• " Alabama aria _ne i_u,u,:°_-. .-Pr - •Cahfornia, Texas, ..... ,--- _-..=.._,_-+= ,,_ FTEs_ will be required for WP 1
(hereafter reterred to as rul! Hme cqu,,=,_,, .....
during the peak years of the development program (1992-93), with..5.9% of the

.... ower centered in Huntsville, Alabama• Most will De working
P,.rimeactivl_ty__m^a2P ._rl the remain,ha Huntsville manE°we_r working for

s°_e_Yra_or_ (UTel'e_iyne'Brown , ,ntergrap]_ics, Lockheed, ano .,vv.,

rrent o ulation of 167,400. Approximately 128,300 of those
Huntsville has a c.u _ P.(_P........ _.,,,;-_ firms (96,100 employees) b e!ngth,e,
residents are employe.o, w!m non_,._o-u-°_-,. .... _ "" estimated at 5.2% _36). If all

IO ere in the city. Overall unemployment is • • n_
largest emp y .__ . "1 are filled as new posltlons,,the curre
the manpower requ!rements m Huntswhe 0/. -..* _,,,_=,,¢° it is unliKely that all, or

ill nee b a roxlmately 17o. o_,_ _,_, .... ,.
employment !evelw ..... !y.^ppr,,,,_,°ments will be new hires, WP 1 will probably
even a majont.y OT, ma_.pu.w=, ,=H,,,--- verall em Io men¢ rate. i¢
not have a statistically sigmf|cant ,.m.P_a_cton the current o . orPcaYse sicjnificant
• • alter the composition of the employment base. ._ .
is also unllkelyto . , --- ,,..-+-..;u_ =,°= Positive imoact to engineering-
levels of relocation to or Trom _ne nu_,_=-,,,¢ = .....
related employment will occur, however.

ditional employment for WP1 will be centered in Californi_z_;8_°f_h_WP

tAdal ) Approximately 10% of the California jobs (ap,proximately ) "
Lockheed Corporation in Sunnyvale, and the remaining 8% (approximately 350 FTEs)
will be employed at other various locations throughout the state. The addition of
these 890 jobs to the major metropolitan areas of California is not expected to have
significant impact on the current composition of the work force or the current
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employment levels. A significant amount of relocation is also not expected to occur
due to the influence of WP 1in California.

Approximately 11% of the manpower requirements (480 FTEs)for WP 1 will be
centered in Houston, Texas. Grumman Aerospace will have the majority of these
jobs with approximately 220 FTEs. ILC Systemswill have about 180 FTEs, and Astro
Systems and LTV will have the remainder. Houston has a current population of
1,700,777, and an unemployment rate of 7.7%. The city is currently tar eting
aerospace firms as a promising area of growth in employment and indus{rv (37_ Once
again, although beneficial, the addition of Space Station jobs to the Houston area is

not expected to alter the basic composition of the work force, or greatly impact the
employment rate. Relocation will also not be a factor in this area. Clear Lake, the
suburb where the JSC is located, will be more directly and beneficially affected.

The other major concentration of employment related to WP 1 will be in the
Northeastern United States, although no one subcontractor in that area w"
more, than 6% of the total These subcont rt,_,_ ;.._J...__ ,_,___:_ i,ll have

• . . • . ra...,._ ,,,_,uu_ vvestln nouse,
Lempnonlcs, Falrchild Weston, Hamilton Standard, Arde, and Interlegaf. No

slgnificant impact is expected on the population and employment levels in theseareas.

The development phase of the Space Station and the duration of all projects
associated with WP 1 extends from December of 1987 through the first quarter of
1998, at which time the Space Station will be completely assembled and fullyoperational.

The specific regional effects of Space Station-related employment should not be

particularly substantial in any of the WP 1 production centers, relative to the existing
emp.!o,yment demographics. Roughly 90% of the direct manpower required for WP

1 Will De clrawn Trom metropolitan areas. The effect of an additional 4,400 jobs in
these areas will have a beneficial, although statistically insignificant effect. The
princip, al effect of the program will be to provide a continued foundation for the
overall health of existing aerospace firms which are major employers.

4.2.7.2 Lyndon B. Johnson Space Center (JSC) - Work Package 2

McDonnell Douglas (MDAC) is the prime contractor for the Johnson WP 2,
responsible for the detailed design and fabrication, integration, and testing of the
overall architecture/assembly structure, most of the Station's distributed systems,
Shuttle interfaces, and utility integration. This WP will also produce the truss

structure which will in turn provide structural integrity support for the entire SpaceStation complex.

Although the JSC in Houston, Texas will direct the contract for WP 2, the bulk of the

manpower (roughly 54%) will be centered in Huntington Beach, California. The city
of Huntington Beach has an estimated population of 187,740. The surroundin
region of Orange County has a population of 2.2 million with an approximate wolr_
force of 1.2 million. Major employers in the area are Hughes Aircraft, Rockwell
International, Pacific Bell, McDonnell Douglas Astronautics, Disneyland, and FordAerospace.

Overall unemployment in Oranae County is estimated to be ro=Jnhlv 7o
individuals (3m MD " • • -=-'- - % or 24.000
..... :_ J • .. AC .estlmatecT at the time of its contract award tha its _vpr

,_qu,rea WOrK Torce ,n Huntington Beach would be approximately 3.20; I=T-Esclerang;
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the peak years of the prot_ram. A proportion of them would be transferred
internally and thus not constitute new hires.

ill occur throughout the State of California (9%
Additiona! employment for WP 2 w tion and an additional 4.% or
or approx,mately 660_FTE_=t Lockheed: Corporal._k_,',, t the state) Thus a toT.el of

. ES in various otner Tlrm_ u,uu_,,v- •approximate!y. 162 FT/___ , .L .......... , _,_ effort will be used within the
54% or roughly z,185 I-/_s OT me md,,eu--=- ...r this

state of California.

imated total average manpower requirement of roughly 8,300
WP 2 will have an e.st . _. . nderstood this fiaure does not
FTEs to complete th E project. However, it should be u°_tl v to this oro_'ect. It can De

necessarily indicate.the number of new.h_resre!at.=._rsw'_ make a s-cries of internal
II UOU las aria its suuw,,u°_vassumed McDonne g .... n divisions or execute new

decisions whether totransfer employees wlt.hkm* e_StIo_th e FTEs re uired for WP 2
hires. For example, although it is anbclpateu u,=- .... q
prime and subcontractor activities will be centered within the state of California, it
would not be accurate to assume that 4,500 new jobs/hires will be created there.
Given the internal and proprietary nature of these corporate decisions, it is

impossible to accurately predict the amount of truly "new" employment which will

occur.

The other major concentration of employment related to WP 2 will occur in Clear
Lake, a suburb of Houston, Texas. The average work force requirement, based on
the Phase C/D estimates, will be about 1,500 FTEs. This figure includes MDAC, IBM,

and Lockheed FTEs.

The employment in California and Houston for accounts for roughly 72% of the total
manpower requirement WP 2. The additional 28% or approximately 2,300 jobs will
be located in Arizona, Florida, Connecticut, and New Jersey.

• cation for these smaller groups is in Camden, New Jersey.
The largest single Io . " em Io able work force.of
Camden is a city oT.app_r.oximately 85,000_peo,_e with raa_e o_Pl lY_%, while Camden
about 29,300 people. /he city. hasanuneT_uY_'A=";_ ,h° lamest emoloyer in the

lower rate OT _.3 70. _lr./n,,.a-_ ,a .... =

C°U;tnY(h)aST_emsU_hontract to GE/RCA for WP 2 requ_l_ng i_Umgeh/y7:OpTESulSht_oln d,

h_e a small but beneficial effect, tnereTore, on L
particularly if a large portion of these are new hires.

The development phase of the Space Station and the duration of McDonnell

Douglas' project for WP 2 extends from December of 1987 through the first quarter
of 1998, at which time the Space Station will be completely assembled and fully

operational.

re ional effects of Space Station-related employment should not be
The specific g . . " rs relative to the existing
particularly substantial in any of the WP 2 production cente ,
employment demographics. Roughly 87% of the manpower required for this job
wil/be drawn from metropolitan areas. The effect of an additional 3,520 jobs in

as should have a small beneficial impact particularly in the areas
these four orfive are , _ --,---, -_ T_=x and Camden, New Jersey The
with relatively high unemployment.; _._em L=_¢, .._..as . . •
principal effect of the program will be to provide a continued foundation for the
overall health of existing aerospace-related industries, which are major employment

centers.
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4.2.7.3 Goddard Space Flight Center (GSFC) - Work Package 3

General Electric Company (GE) is the prime _lontractor in conjunction with Goddard's
WP 3, and is responsible for the detailed eslgn, manutacturing, integration and
testing of the U.S. Polar Platform and payload attachment hardware•

GE plants associated with the Space Station program are located in Valley Forge and
King of Prussia, Pennsylvania and East Windsor, New Jersev. GE will hire 81% of the

personnel directly associated with WP 3. The rest will" be located primarily in
California (TRW, Teledyne Systems). King of Prussia and Valley Forge are suburbs of

sPhud_delePhtlaa _ldeha_/eac _enc_Ia ur population of 26,000.(40) East Windsor is located in
y, nas a current population of 23,781 (41) Little

relocation to or from either city is expected due to the manpower requirements of
WP 3. A total of approximately 2,000 direct FTEs will be required to complete WP 3.

GE estimates that a total of 1,160 GE FTEs, exclusive of subcontractors, will be
required for WP 3. Of this total, roughly half will be new job opportunities will be
created by GE. That is, the number of employees will peak at about 1,160 in 1992-3.(42)

The current employment level of Valley Forqe and Kin of P " ,48,950(4°)and the curr ._ _ . ..russ!a Pennsylvania is
......... ent employment level of East Windsor, rqew Jersey is 10,135 (41)
_c malca_es ma_ increases in local employment at GE, due to the Space Station
Freedom program, will raise the current employment level in King of Prussia by up to
0.7%. Local employment in East Windsor could be increased by approximately 2.4%.

The composition of employment opportunities for WP 3 will 0 g• •
jobs, 20% manufacturina jobs, with all other cate orie be.65 _ en Ineenng
15%. The corn osit" __ g. s compnsm.g the remainin
,L ....... P aon o_'the local employment base Is not ex,,e _-,,-_ *_ _- -, .... J Lg
the wr- _ contract. _, _=u Lu u_ d_Lerea Dy

The development phase of the Space Station and the duration of General Electric's

project for WP 3 extends from December of 1987 through the first quarter of 1998,
at which time the Space Station will be completely assembled and fully operational.
The only construction associated with this WP will be the addition of office facilities

at both the King of Prussia and East Windsor locations. The particular and unique
fluctuation in employment which may stem from WP 3 will have a significant
beneficial economic effect on the various communities where the work will occur,particularly in East Windsor.

4.2.7.4 Lewis Research Center (LeRC) - Work Package 4

The prime contractor for WP 4 is Rocketdyne, a division of Rockwell International.

Rocketdyne is responsible for the design, manufacture, integration and testing of
the Space Station power generation facilities, as well as the power management and
distribution systems for the Station.

In addition to Rocketdyne, approximately 10 subcontractors will be employed for
WP 4. Most of the work (86%) will be distributed throughout various parts of
California. A minor share of responsibility will be allocated among five other states.
The primary work site will be Rocketdvne s Canoaa Park facili .
approximately 60% of the total jobs needed f_or WP " ty whe re• " 4 will be located. "
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roximate total of 2,800 FTEswill be required for WP 4. Roughly 1,700 of these
AcTn=aPwPillwork directly for Rocketdyne in Cano.ga Park, Cal!forni:_ e The company
''_° .... ,.... o400 neonle The neea to nlre u, ,=,v_ from within
currently empiuy> o, . _, ._. • .
Rocketdyne has not yet been aetermmea.

• • " of 145,000, is located in Los Angeles County.
Canoga.Park, a cl_ with population rk o ulation, but only 0.1% of
Rocketdyne currend employs 6°_of the Canoga Pa°, P_nP hires all of the required

• nt o ulatlon. If Ro_ .... ,..the entire .Los An_]e_/es Cou._ ypq_ ....... I,-,hich would be unlikely), the current
outslcle the compa,,y _v,,,1 600 em Ioyees Trom . . 0 f the 4 2 million

' P l in the county w, II rise by only about 0_06:/0. O1^_ _,,,," . ...u_,r_
employment leve ...... ,__ r .... .,, =nnroximatew zl _0, or uuo,_uu .wu-_- 7,

eople employea in LOS/_ngu_¢> ,.uu,,,y, .._-r- n_ent rate is currently _._-/0.
P • ufacturin The local unemploy •
are employed m man (3_*..... _... _^_o 4 it is assumed that manufacturing
Therefore, iT new nlres are nece_=w.y .u, ,.- ,

"lable and very httle relocation to Los Angeles County will be
labor should, be ava__ ..,:__ ^_ ._,= local emnloyment base of Canoga Park or Los

essa . Ins compo,'llLiUH u/ ,,,e . _ .........
_eCgele_ounty is not expected to be significantly altereo Dy wr ,+.

Approximately 250 FTEs will be required for the work conducted under subcontract
ation in Sunnyvale, California• Sunnyvale, located in Santa Clara

by Lockheed Corpor ., • ....... =;*_,, =-ea Lockheed, with 27,000
• ¢ne San Francisco m_uutsu,,_°,, ,.- •

County, is a subur,D in ..... ,..... in the county (43) The addition of these FTEs willes¢ um ,u =, _"
employees, is the iarg .._P Y;- ---, ..... * -_+-- ,_f the composition oT .L._
notsi_nificantly impact e.lt.ner me emp_uy_!_=,_,_ "___ %=..,,recant factor for either
empl()_ment base. In addition, relocauon wm nuL u= = =,_,,,-,
Sunnyvale or Santa Clara County. Ford Aerospace, also located in Santa Clara
County, will require approximately 170 FTEs at its Palo Alto facility• Ford Aerospace
locally employs 3,700 workers. These new jobs will not significantly impact the
employment rate, the demographic composition of the employment base, or
relocation, although they will be beneficial.

• . other subcontractor who will require about 110 FTEs for WP 4,
General Dy.namlcs. an alifornia Even though General Dynamics ranks as the
is located m San Diego, C
second largest employer in the county, (=) the additional jobs will not have a

significant impact on the city or the county•

- 00 other FTEs will be distributed among subcontractors locatedA roximately 500 6 . he ercenta e of new jobsPP • a In each case, t p g
in Texas Ohm, New Jersey, and Florid . . .
created cloes not significantly impact the area in which the subcontractor Is located.

The development phase of the Space Station and the duration of all projects
associated with WP 4 extends from December of 1987 through the first quarter of
1998, at which time the Space Station will be completely assembled and the

operational phase will begin.

" al effects of Space Station-related employment should not be
The specific region = .__ ,.,,,, _.^.4,,_+_,,,, centers relative to the existing

• ial in an of me vvr _ iJ,uu=_,v,, ' • ill
partl.cular/ysu_b;_:_ranhics 'Roughly 91 °/6 of the manpow_ re.qu, red forWP 4hWese
emp, loym_w)_ u ____., _,=,_,, areas The effect o1"an aook!onal z,_uu juu_ __ ....,,
De orawn Trom muuupu.-¢.=,,, . "..... _-=_ ...;.._=,,=1 °ffect of the program w,=

tatlstlcall sI nlTlcan_:. H=_ pH_,,.,p,,_, ,.
areas shou!d not be s. _ =-._--_g*_-'--.. _,,r he overall health of existing contractors
be to provlae a cont.lnueo _uu.uou_,---._, t + r°ntpr¢.
and subcontractors which are major ump,uy.,,=, ..........
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4.2.7.5 John F. Kennedy Space Center (KSC)

Launch of most Space Station hardware will occur at the KSC. Activities at this site
include Shuttle launch operations, payload processing, and all round rocessin
operations. Space Station and logistics elements will be inspecgrd at K_C befor g
ground processing.

Edwards Air Force Base has been designated a contingency landing site. extending
KSC responsibility to the California base. Vandenberg AFB will be used to launch theU.S. Polar Platform.

The KSC is located near Cocoa Beach, Florida. The surrounding community,
including Cape Canaveral, Titusville, and Merritt Island, has been dominated by
space launch activities since the Center was built in the 1950's.

The local opulation of 126,300 has grown at a rate of approximately 3% per year
for the lasPdecade. The unemployment rate of 4.4% has been relatively stal_le. The

167,000 local work force consists of many people who are involved with the space
launching facilities. The largest area employer is the KSC, with 15,850 FTEs. This is
followedby the Eastern Space and Missile Center/USAF, with 13.195 FTEs.

Manufacturing companies employ at much lower levels. For example, the largest
manufacturer employs 800 FTEs and the second largest, a solid rocket boos
producer, employs 700. ter

Launches of Space Station elements and payloads will take place using the Shuttle.
The Shuttle program, begun early in this decade, has had a significant impact on the
local community. This change stems from ongoing operations of the Shuttle which
will occur regardless of the Space Station program. The change of traditional
Shuttle payloads to Space Station elements should not significantly change the
operations affecting the Cocoa Beach area. Space Station operations should cause a
significant employment increase in the KSC area.

The Space Station program will create changes at the KSC due to the construction of
a Space Station unique processing facility scheduled to be in in Jul 1 .
Development costs for the new facility are $68.74 million, whi'_cghwill be _ioca98egd

among hardware and labor costs. The processing facility should be operational by
March, 1994, spreading the spending of the construction funds over a period of fiveyears.

According to the five-year plan for Space Station construction of facilities, the basic
cost of the processing facility at the KSC will be broken down in three ea
follows: In FY1990, $43 million will be sn_nt" ¢-_-7 _:,,.__ • ... y rs ,as

r----,-, .pl/ iilllllOn In expenalTures Will De

used in FY1991; and $13.7 million is left as a "place holder" for an optional
construction of third and fourth stories on the facility in FY1992.

In addition to this facility, Space Station-related construction will include a Space
Station hazardous processing facility which will cost $2.3 million in FY1994. The last

building planned for Space Station use will be a logistics facility, creating anexpenditure of $36.9 million in FY1992.

The KSC is also sponsoring construction activities at the VAFB. This involves
modifications to two existing buildings, one for the Polar Platform, with a cost of
$3.3 million, and the other for hazardous servicing operations, at a cost of $2.6
million. These expenditures are planned for FY1992. -

4-27



As the contracts have not yet been signed for the construction of these facilities, the
contractors have not been selected. The number of FTEs required for the
construction will not be determined until design contracts are completed•

4.2.7.6 Vandenberg Air Force Base (VAFB)

The launch activities associated with the POP will take place at VAFB. The Base is
of makin such launches and has done so in the past. The personnel

already capable _ g. m existin VAFB staff and thus, no.impact is
used to launch the POP will come.fro • g " mental imoacts of Tntan

• ' atecl on em Io ment levels m the region. Theenvnron _= T:.'__ ,,, (20)antlclp . P • • - • • " ntal Assessment,/,Ld,I ,v.
IV launches are described m detad In the Envuronme

Toxic waste quantities are not expected to be significant in their impact on the
environment because of their small quantities and packaging provisions during

delivery, experimentation, and return or destruction•

4.3 ENVIRONMENTAL CONSEQUENCES OF THE POWER TOWER ALTERNATIVE

The environmental impacts of the Power Tower configuration would be virtually
identical to those of Space Station Freedom. Although the Power Tower would be

• earance and capability, it would be constructed of essentially the
different.m•app _L_ n ...... T .... _- would be assembled and resupplied using .the
same.materlals'--.!,ne_-u-w-_'-_'_'ust as Snace Station Freedom would be operate_
_nuttle ana n_w?ulu u_ u,H=,=-_,_ J " manned and would conauct payloao
Both configurauons would be permanently

operations 24 hours per day.

Both configurations would be subject to the same failure tolerance requirements

and would present the same hazards in the unlikely event of accidental reentry into
the atmospnere.

4.4 ENVIRONMENTAL CONSEQUENCES OF THE MAN-TENDED APPROACH (MTA)

• ntal conse uences of the MTA would not differ significantly from the
The envnronm.e _-L- ,-_q_ -^-_-',,,,_+ion would be essentially the same as the early
proposeo acuon, une. ,w_ w,,.,_-,=-, _.... -_ c+_tion It would function in an

f the ermanenuy mann_u _L-. •assembly phase o . _P_ =:___...L...._. .... 1,4 ,,ossiblv increase the likelihood of
oae for yu oa perlou_ ww.u, _v=,,_ _.

autonomousm., ..... -r_....,,Y,!,,,,l_l be fewer exoeriments and consumables aboara
uncorreccea TallU[_. /11¢/¢ vvvu,_,J

so any leakage or off-gassing would be less than with a permanently manned Space
Station. Orbit maintenance and control would be the same as for the permanent!y
manned Station. The Shuttle flights and manufacturing activities would rema0n
unchanged. The potential environmental impact, in the unlikely event of an

rn to earth, would be very similar to such an event occurring during
unplanned ret.,u _,_ _,° entlv manned Station when not all modules
the early ===¢,,,bly stage of t,,_ _,_rman ,
would be in orbit.

4.5 ENVIRONMENTAL CONSEQUENCES OF THE NO ACTION ALTERNATIVE

4.5.1 Physical Effects

Under this alternative, the dedication of resources to the Space Station would cease

and any potential environmental effects from its development and operation would
be avo0ded. However, NASA would continue to pursue, to the extent possible, the

" tives discussed in Section 1.2. These activities would createresearch objec . _ . _ ,___ ,..... _._ ;_, =tt== ative launch vehicles,
environmental impacts causeo Dy payuoau _au,,_,,¢= ....... rn
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deploying payloads or unmanned platforms, and performing any terrestrial
equivalents of planned research.

In addition, cultural and socioeconomic impacts would result from cancellation of
the Space Station Freedom. This alternative would impact the regional economies of
the WP Centers and manufacturing sites. The positive socioeconomic impacts would
be lost.

A substantial number of the planned Space Station user investigations could not be
performed under this alternative. Investigations into long term human exposure to
space and microgravity research projects have no alternative means for their
accomplishment. Some payloads requiring stellar, solar, or Earth views also have no
terrestrial equivalents, but could possibly be accomplished using the Shuttle or ELVs.

4.5.1.1 Debris Reentry

If Space Station Freedom is not placed in orbit, it removes the potential for localized
environmental impact from Space Station Freedom's uncontrolled reentry.
However, NASA would continue toplace payloads and unmanned platforms in
space. The possibility of uncontrolledde-orbit of these facilities presents the same
type of risk, though proportionally smaller because of smaller mass, as the Space
Station's reentry.

4.5.1.2 Atmospheric Impacts

Cancellation of Space Station Freedom would also cancel the dedicated Space
Shuttle flights needed for Space Station assembly and operation. If the total number
of such flights each year is reduced accordingly, the environmental impact from
Shuttle launches would be reduced. However there exists a substantial queue for
payloads awaiting assignment to a launch vehicle. It is extremely unlikely that the
portion of the NASA fleet currently assigned to Space Station Freedom would be idle
if the program were canceled. Instead, the Shuttle launch rate would remain
constant with substitute missions assigned to these flights. Included in these flights
would be those investigations now planned for Space Station Freedom which could
be fully or partially accomplished by other means. The impact on the ionospheric
environment would be similar to that created by the Space Station, though more
dispersed. The number of Shuttle flights per year would remain the same and
unmanned platforms and payloads would create disturbances. The net effect is that
this alternative would produce the same atmospheric impact as proceeding with
development of Space Station Freedom.

4.5.1.3 Aquatic and Terrestrial Ecology

No construction activities would be needed. Therefore, the possibility of any impact
from these activities would be eliminated. Reentry of debris from other (non-
Station) spacecraft could cause localized short-term impacts.

4.5.1.4 Water Quality

As previously discussed in Section 4.5.1.2, the impact resulting from the Shuttle
launches would be identical to that resulting from the proposed action. Reentry of
other (non-Station) spacecraft debris could produce a localized short term impact.
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4.5.1.5 Noise

The prospect of noise impact due to construction activities would be eliminated. As
discussedin Section 4.5.1.2 the impact from the Shuttle launches would remain the
same as that resulting from the proposed action.

4.5.1.6 Transportation

Transportation of Space Station components would be eliminated. Payloads,
propellants, and fluids would be transported to the KSC for the Shuttle launches.
Thus, the impact on transportation would remain the same as for the proposed
action.

4.5.1.7 Toxic Materials

Some of the experiments, scheduled for the Space Station which produce toxic
wastes would be assigned to the Shuttle launches. As is the case with the proposed
action, no significant impacts are expected because of the small quantities involved.

4.5.2 Socioeconomic Effects

It is difficult to determine the specific socioeconomic impact which would result from
a decision to cancel the Space Station program. As discussed earlier, there are

significant uncertainties involved with the specific proprietary decisions involved
with each of the Space Station WP contractors. Thus, specific impacts of proceeding
with or canceling the program are difficult to assess. However, cancellation would
certainly cancel the beneficial effects on local employment in areas where Space
Station hardware is being developed.

A decision against proceeding with the Space Station program would also constitute

an abrogation of U.S. leadership in space. This intangible cost alone would be
substantial. Such an action would have a serious negative impact -- though it may be
difficult to predict with any precision at this time -- on this country's national
prestige, economic vitality, and international competitiveness. It would result in U.S.
abrogation of the forma/agreements with our international partners. Such action
would call into serious question the reliability of the U.S. as a partner in space
activities.

Timing of a decision to cancel the Space Station would also be an important
consideration. If the work is not begun, the benefits and overall impact of a project
that does not exist can never be determined. If the contracts are canceled after

employment decisions have been made, those people contributing to the project
wil/be immediately without work and/or transferred. The further into the
development program the termination occurs, the more costly it is to the

OVernment and the more negative an impact it would have on the economy. The
ter any potential termination occurs, the more damaging the subsequent

instability would be to the aerospace community overall.

4.6 RELATIONSHIP BETWEEN SHORT-TERM USES OF MAN'S ENVIRONMENT AND
MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY

The Station's positive impact on long term productivity could be substantial. The
Space Station will provide the foundation for users to conduct research or other
industrial activities or for commercial providers of services in outer space. This use
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may also lead to developments and spinoffs useful to industry. These benefits
cannot be measured before the work is actually undertaken. Advances in the areas
of robotics, remote sensing, artificial intelligence, and new materials -- all critical
Space Station technologies -- could enhance the technological and economic power
of the U.S.

In addition to spinoffs, there is the Space Station-related growth of the aerospace
industry. The contracts for Space Station work are only one aspect of the potential
activities for these companies. Launch vehicles and various services will be necessary
when the Station is in place.

Another benefit which is difficult to measure is the advantage to U.S. leadership in
space exploration and utilization. A central mission for NASA is the promotion of
U.S. leadership in space. The success of such a major project will create opportunities
for further activities in space. It will also provide a beneficial means of international
cooperation in space endeavors. The Space Station is a project large enough to
include partners from many nations. The initiative and primary sponsorship of the
Space Station by the U.S. is an important symbol of leadership.

The Polar Platforms of the Space Station provide us with the opportunity to make
detailed observations of the Earth and how it is evolving on a global scale. Theywill
enable us to better understand the complex interactions between the atmosphere,
the oceans, land masses, and polar ice caps. The better understanding of these
interactions will enable us to determine their effects on our environment. The Space
Station is not expected to have any significant adverse environmental impacts.

4.7 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES

The Space Station program requires the commitment of both natural and cultural
resources. The commitment of natural resources includes the consumption of
mineral and biological resources. The commitment of cultural resources includes
human and land resources. These basic commitments are not different from those

necessary for many other research and development programs; they are similar to
the activities that have been carried out in previous space program activities over the
past 25 years.

4.7.1 Natural Resources

Activities associated with the Space Station program will utilize and consume various
quantities of materials and energy, and in some cases, a minor change in ecological
resources may result due to construction activities. This section attempts to estimate,
where possible, those natural resources which will be committed as a result of Space
Station program activities.

4.7.1.1 Material Requirements

The various materials that will be required for the Space Stationprogram can be
divided into three general classes: (1) materials for construction and use of facilities,
(2) materials for production and transport of Space Station hardware, and (3)
materials consumed as a result of Shuttle launches.

The modification or construction of government or contractor facilities, will require
certain building materials. Building materials such as steel, aluminum, concrete,
asphalt, wood, and wire will likely be used. The operation and maintenance of
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Space Station Freedom facilities may require the consumption of materials such as
natural gas, oil, coal, gasoline, diesel fuels, paper, water, paint, and cleaning agents.
Existing government and contractor facilities will be used to the maximum extent
possible. Existing Shuttle facilities will continue to support launch operations that
will provide the necessary Space Station support. In the event a major modification
of either a contractor's or a NASA facility is required, such modification will be

assessed in subsequent documents.

The manufacture of Space Station flight hardware will require a modest amount of
metals, such as, aluminum, stainless steel, carbon, copper, titanium, and other
materials. These materials are readily available in large quantities. The amounts
which will be consumed by the Space Station are minute compared to the quantities
routinely produced. The transportation of Space Station hardware throughout the
country will contribute to the consumption of fossil fuels. Space Station hardware
will require both ground and air transport, consuming gasoline, diesel fuel, and jet
fuel. Transportation activities involving the Space Station's components are
considered routine.

In the support of the Space Station program, solid and liquid propellants and other
consumable fluids will be expended when the Shuttle is launched. The Space Shuttle
EIS(24) describes these quantities. The Space Station will utilize hydrazine for
propulsion. It will be supplied routinely by the Shuttle.

4.7.1.2 Energy Requirements

The energy requirements of the Space Station can be divided into three areas:
(1) the manufacture of components and payloads, (2) ground based activities in
support of the Space Station, (3) Shuttle launches.

The manufacturing of components and payloads will be performed at existing NASA
Centers and contractor facilities. These Centers and facilities energy requirements
are presently being supplied by existing utilities. No significant increase in energy,
demand is expected as a result of the Space Station. The ground based activities will
also be performed at existing facilities whose energy needs are supplied by existing
utilities. No significant increase in energy demand is expected at these facilities as a
result of the Space Station. The energy requirements of the Shuttle have been
discussed in that EIS.

4.7.1.3 Changes in Biological Resources

Component manufacture and test areas are predominantly located in industrial
settings where wildlife use is already minimal. Launch and support facilities at KSC
and VAFB are located within wildlife preserves/refuges which are managed for
wildlife and utilized for space launch support functions. No effects are expected.

4.7.2 Cultural Resources

No significant changes to cultural resources, employment, land-use, recreational and
historical resources are expected.
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4.8 UNAVOIDABLEADVERSEIMPACTS

The primary impacts will be due to the launch activities associated with the Shuttle.

These impacts have been discussed in the EIS for the Shuttle. (24) The Space Station,
based on present knowledge, is not expected to produce major perturbations in the
ionosphere. A uncontrolled reentry of the Space Station could have an impact, the
extent of which would depend on the amount and size of the debris which reaches
the Earth's surface and on the location where it lands. Other minor impacts could
result from construction activities required for ground support functions. No other
adverse impacts are expected as a result of the Space Station Freedom program.

Significant modifications (e.g. changing to a hydrazine propulsion system and the
venting of nontoxic waste gases) are currently being incorporated into the baseline
Space Station Freedom program. Tier 2 of the EIS will address the environmental

impacts of these modifications, the probability of accidental reentry of the manned
base, and the injury/damage probability associated with such reentry.
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5.0 CONTRIBUTORSTO THE EIS

This EISfor the Space Station was prepared for the National Aeronautics and Space
Administration by the Technical and Administrative Services Corporation
(TADCORPS). TADCORPS has responsibility for completion of the EIS under the
direction of NASA. NASA is responsible for coordination, management, review, and
acceptance of the EIS.

5.1 List of Preparers

Technical and Administrative Services Corpora tion (TADCORPS)

Name

Mr. Manfred von Ehrenfried

Discipline

B.S. Physics

Experience

Twenty seven years;
Co-Project Manager,
Space Station
Support Contract

Responsibility

Project Manager

Mr. Doyle McDonald JoO,

B.S. Physics
Twelve years;
Space Shuttle and
Space Station

Development

Environmental Law,
Space Systems

Engineering

Mr. John Martin M.S. Meteorology Twenty four years;
Environmental
Consultant

Assistant Project
Manager/

Meteorology and Air
Quality/
Environmental
Sciences

Mr. William Campenni M.S. Aerospace
Engineering

Twenty four years;
Aerospace
Consultant

Waste Handling and
Disposal

The Egan Group

Name

Mr. John J. Egan

Mr. Noah Rifkin

Ms. Patricia J. Stacey

Ms. Alison Watkins

Discipline

M.B.A.

M.P.A.

M.B.A.

B.S. Foreign Service

Experience

Fifteen years;

Financial Analyst

Eight years;
Policy Analyst

Seven years;

Economic Analyst

One year;
Researcher

Responsibility •

Socioeconomics

Socioeconomics

Socioeconomics

Socioeconomics
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National Aeronautics and Space Administration

Name

Mr. James Higgins

Mr. Lewis Andrews

Ms. Joyce Jatko

Mr. Kenneth Kumor

Discipline

B.S. Engineering

M.S. Systems
Management

M.S. Environmental

Engineering

J.D.
M.B.A.

Experience

Twenty one years;
Naval Propulsion

Engineering; Space
Station Development

Twenty years;
Environmental

Engineering

Thirteen years;
Facilities and

Environmental

Engineering

Fourteen years;
Environmental

Engineering and
Policy Formulation

Responsibility

Technical Monitor

NEPA Coordination,
Environmental

Compliance

NEPA Coordination,
Environmental

Compliance

NEPA Coordination,
Environmental Law

and Compliance

In addition, the following NASA personnel contributed to the preparation of this

document.

Ms. Margaret Edwards served as the Technical Monitor.

Dr. Dana A. Brewer was responsible for Systems Engineering, Debris Analysis, and

Payload Operations.
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6.0 DISTRIBUTIONLIST

Advisory Council on Historic Preservation
Advisory Commission on Intergovernmentai Relations
Agency for International Development

Council on Environmental Quali'cy
Department of Agriculture
Department of the Air Force

Department of the Army
Department of Commerce
Department of Defense
Department of Education
Department of Energy
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General Services Administration
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National Science Foundation
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Smithsonian Institution
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Alaska State Single Point of Contact
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Connecticut State Single Point of Contact
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Florida State Single Point of Contact
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Hawaii State Single Point of Contact
Idaho State Single Point of Contact
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Indiana State Single Point of Contact
Iowa State Single Point of Contact
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Kentucky State Single Point of Contact
Louisiana State Single Point of Contact
Maine State Single Point of Contact
Maryland State Single Point of Contact
Massachusetts State Singte Point of Contact
Michigan State Single Point of Contact
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Mississippi State Single Point of Contact
Missouri State Single Point of Contact
Montana State Single Point of Contact
Nebraska State Single Point of Contact
Nevada State Single Point of Contact
New Hampshire State Single Point of Contact
New Jersey State Single Point of Contact
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Rhode Island State Sinc_ie Point of Contact
South Carolina State Single Point of Contact
South Dakota State Single Point of Contact
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Wisconsin State Single Point of Contact
Wyoming State Single Point of Contact
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Dr. Christian Barbier
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Mr. Dennis Potter
Dr. Peter Wilkniss

Air Pollution Control Association
American Association for the Advancement of Science
American Conservation Association, Inc.
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Chamber of Commerce of the U.S.A.
Conservation Foundation
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Ecological Society of America
Environmental Action Foundation
Environmental Action, Inc.
Environmental Defense Fund
Environmental Law Institute
Environmental Policy Institute
Federation of America n Scientists
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National Trust for Historic Preservation
National Wildlife Federation
Natural Resources Defense Council, Inc.
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Wilderness Society, The
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Flight Telerobotic Servicer 2-5, 2-10

G

Goddard Space Flight Center 2-21, 3-8-3-9, 4-23

Greenhouse effect 3-1, 3-4

H

Habitation Module 2-1 -2-2, 2-4-2-5, 2-28, 2-31, 2-33, 4-14

Hazardous waste 2-33, 4-8, 4-13

I

Ionosphere 2-33, 3-1,3-5, 4-16, 4-18-4-19, 4-31

J

Japanese Experiment Module 2-5, 2-16, 2-28

Johnson Space Center 2-21, 3-7-3-8, 4-21 -4-22

K

Kennedy Space Center 2-16, 2-21, 2-27, 2-33, 3-11-3-12, 4-7-4-8, 4-13, 4-25-4-26,
4-28, 4-31

L

Leakage 2-33, 4-8, 4-16, 4-20, 4-27

Lewis Research Center 3-9-3-10, 4-24
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Logistics Carriers 2-5, 2-8, 4-7-4-8

M

Man-Tended Approach 2-27, 2-29, 2-31,2-33 - 2-34, 4-27

Marshall Space Flight Center 2-21, 3-6- 3-7, 4-21

Mesosphere 3-1, 3-5, 4-15

Mobile Servicing System 2-10-2-11

N

Natural resources 3-5, 4-30

Noise 4-18-4-19, 4-28

O

Orbital debris 4-1 -4-2, 4-4-4-5

OSHA 4-20

Outgassing 2-33, 4-16, 4-18-4-19

Ozone 3-1, 3-4-3-5, 3-12, 4-15-4-16

P

Payload operations 2-21,4-7, 4-27

Power Tower 1-1,2-1, 2-23, 2-27, 2-31, 2-33-2-34, 4-26

Propulsion system 2-10, 4-2, 4-4, 4-16, 4-31

R

Radioactive wastes 4-13

RCRA 4-8, 4-13

Re-entry 4-4-4-5, 4-28

Resource Nodes 2-5

S

Socio-Economic 3-7 -3-12, 4-20, 4-27, 4-29

Solar Power Module 2-10

Stratosphere 3-1, 3-4- 3-5, 4-15 - 4-16

T

Toxic materials 4-7-4-8, 4-13-4-14

Transportation 2-21, 2-31, 3-1,3-4, 3-6, 4-13, 4-15, 4-19-4-20, 4-28, 4-30

Troposphere 3-1, 3-4, 4-15

Truss Assembly 2-2, 2-10

U

U.S. Laboratory Module 2-2-2-3, 2-5, 2-13, 2-21,4-7-4-8, 4-14

U.S. Polar Orbiting Platform 2-13, 4-15-4-16
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V

Vandenburg Air Force Base 2-13, 2-16, 2-27, 3-12-3-13, 4-26, 4-31

W

Waste materials 2-28, 4-7-4-8

Water quality 3-9, 3-11 -3-12, 4-19

Work Packages 2-16, 4-20-4-25, 4-27, 4-29
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APPENDIX A

Definitions

Attached Payloads

Payloads located on the Space Station structure (truss) outside the pressurized
modules.

Automation

The operation or control of a process, equipment, or a system in a manner essentially
independent of external influence or control; the condition of being automated.

Checkout

Test activities that verify the readiness of hardware and/or software for its intended
use.

Co-Orbit or Co-Orbitinq

In the same, or nearly the same orbit as another object, particularly with respect to
the orbit period. To orient so as to require very little final control velocity such as to
execute a rendezvous, docking, berthing, or tending mission.

Note:

In the strictest sense, two co-orbiting objects would be coincident. In practice,
and in any context associated with the Space Station Program, a co-orbiting
object would have the same period, eccentricity, ascending node and argument
of perigee; but would be at a slightly different right ascension (i.e., stable
station-keeping ahead of, or behindthe Space Station).

Co-Orbitinq Platforms

A space platform with the same average orbital period, inclination, and node as the
Space Station, and maintaining its orbit path along that of the Space Station.

Confiquration

(1) The arrangement of an information system as defined by the nature, number,
and chief characteristics of its software and/or hardware functional units. (2) The
requirements, design, and implementation that define a particular version of a
system or system component. (3) The functional and/or physical characteristics of
hardware/software as set forth in technical documentation and achieved in a
product.

Consumables

The materials that are expended during the course of meeting operational
objectives.

Note:
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Unused consumables may be considered accountable and recoverable.
Generally; "consumables" does not apply to the wear out of system components.
See EXPENDABLES.

Contamination

Any effect arising from the induced environment gaseous, particulate, or radiation
background that interferes with or degrades the results of the intended
measurement or that degrades Space Station component and payload experiment
hardware such that refurbishment is required before continued use.

Critical Desiqn Review (CDR)

A review conducted for each configuration item when detailed design is complete to
(1) determine that the detailed design of the configuration item satisfies
performance and engineering specialty requirements of the development
specifications; (2) establish the detailed design compatibility among the
configuration item and other items of equipment, facilities, software, and
personnel; (3) assess configuration item risk areas on a technical, cost, and schedule
basis; (4) assess results of the procurability analyses conducted on system hardware;
and (5) review the preliminary hardware product specifications.

Critical Item

A single failure point and/or a hardware item(s) (including redundant items) in a life
or mission-operations-essential application which does not meet the program failure
tolerance requirements or where item(s) cannot be checked out prelaunch or in
orbit, loss of an item(s) is not readily detectable by the flight or ground crew during
any mission phase, or loss of an item(s) is not capable of restoration on-orbit.

Desiqn Requirement

Any requirement that impacts or constrains the design of a system or system
component; for example, functional requirements, physical requirements,
performance requirements, development standards, and product assurance
standards.

Dockinq
The process of making physical contact and joining two spacecraft. One or both can
be actively controlled using translational or rotational maneuvers.

Expendable Launch Vehicle (ELV)

A ground-launched propulsion vehicle, capable of placing a payload into Earth-orbit
or Earth-escape trajectory, whose various stages are not designed for, nor intended
for recovery or re-use.

Note:
The final stage(s) of an expendable vehicle may remain in orbit with the
payload(s) unless they are provided with special de-orbiting systems.
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Expendables

Items or materials that are used during the course of an operational activity.
Expendable items, when issued, are dropped from the property accountability
system and are considered unrecoverable. See CONSUMABLES.

Experiment

That assembly of hardware, software, and operations, in space and on the ground
that enables the user to meet the intended research objectives.

Note:

An experiment could include one or more payloads, delivered on one or more STS
flights. Alternatively, one payload could encompass a number of individual
experiments.

Extravehicular Activity (EVA)

Operations performed by crew members wearing space suits outside the habitableenvironment.

First Element Launch (FEL)

The first assembly flight of the Space Station Program, including structure and those
subsystems necessary to sustain the initial Space Station until additional hardware isplaced in orbit.

Fliqht Telerobotic Servicer (FTS)

A device attached to a Space Station manipulator or the Orbital Maneuvering
Vehicle which interfaces with the payloads located on the Space Station, or with
payloads located on platforms or free-flyers in order to allow servicing to beperformed in-situ.

Full Time Equivalent (FTE)

One man-year, or 2080 hours of labor per year.

Inteqration

The process of combining software elements, hardware elements, operations,
networks, personnel, and procedures into an overall system or operation.

International Partner

Any of the non-U.S, countries or agencies participating and sharing in the design,
development, and operation of the Space Station: National Research Council of

Canada, National Space Development Agency (NASDA) -- Japan, and the EuropeanSpace Agency (ESA).

J.apanese Experiment Module (JEM_

The Japanese-provided laboratory module (including an
Module) that is part of the baseline station configuration.

Experiments Logistics
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Loqistics

The management, engineering, and support activities required to provide
personnel, materials, consumables and expendables to the Space Station elements

reliably and in a cost-effective manner.

Maintainability_

The ability of the Space Station systems to be maintained. The probability that an
item can be restored to or retained with acceptable performance limits.

Manifestinq

The process of defining what materials will be physically exchanged between the
ground and space elements of the program, and when and how those transfers will
be scheduled and implemented.

Manned Base

• r, manned element of the Space Station Program providing permanent manned
Mal °- . -,-L ...... .4 _,=c e includes all the U S and partner provided
presence in space. /._ ,,,=,,,,=,., _.=_
manned elements and all the related systems and structure•

Man-Tended Capability (MTC)

The capability to operate the Space Station unmanned except for periodic visits by
Shuttle crew for servicing and maintenance.

Mature Operations Phase

ontinuous eriod of activity commencing with the establishment of that
The c .. , P__ _.... c,_....._ .k_ t ,,rovides a nermanently manned capability in

i uraT.ionoTT.ne_pd_L=uv,,_,,_ _.. . _. ...... - ......
COnT/g =nil rnntinHina there after throughout the I,Tet,me ot t.ne program= ,v,a_ur_

o_pera'tio"ns wi'l'l"e'mb o=dy the management and operation OT all sul3sequenl: growT.n
and evolution.

Module

Major elements of the Manned Base including: The Habitation Module, the U.S.
Laboratory Module, the Japanese Experiment Module, and the Columbus Module.

National Space Transportation System (NSTS)

The Shuttle program and its supporting elements.

Orbital Replacement Unit {ORU)

The lowest level of component or subsystem hardware that can be removed and

replaced on location under orbital conditions.
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Payload

An aggregate of instruments and software for performance of s ecific scientific
..... i_ orapphcattons investigations, or for commercial production. A spec ic complement of

instruments, space equipment, and support hardware carried into space to
accomplish a mission or discrete activity in space.

Note:

- Payloads may be internal to pressurized modules, attached to the station
structure, attached to a platform, or they may be free-flyers.

A payload may be designed to be re-used either by return to the Earth's surface
for refurbishment and re-launch, or by applied in-space services.

Permanent Manned Presence

That point in the development and operation of the Space Station Program where
the configuration of the manned base is capable of supporting man's presence on a
continuous basis with only the incremental presence of the Shuttle.

Note:

The capability to provide permanent-manned-presence does not mandate
continuous manning (or permanent manning) which is, nonetheless, an inherent
capability within the provisions of a permanent manned capability.

Permanently Manned Capability (PMC)

The capability to operate the Space Station with a human crew on board, 24 hours a
day, 365 days a year.

Platform

An unmanned orbital element of the Space Station Program that provides standard
support services to payloads not attached to the Space Station.

Polar Orbitinq Platform (POP}

An unmanned spacecraft in polar or near polar inclination operated from the
ground and dependent on the Space Station Program to provide services for a
complement of payloads.

Preliminary Desiqn Review (PDR)

Review conducted for each configuration item or aggregate of confi uration Jte
to (!) evaluate the progress, consistency +_k,,.._ _.J ........ ,g.... ', m,s

r  o ut onConat  hn cal, ano
) the selected design approach;

(2) determine its compatibility with performance and engineering specialty
requirements of the development specification; (3) establish the existence and
compatibility of the physical and functional interfaces among the configuration item
and other items of equipment, facilities, computer software, and personnel; and (4)
review the preliminary version of the operation and support document.
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Proqram Requirements Review

Provides a critical review and assessment of the Level I recluirements stated in the
re uirements stated in the PDRD, and necessary lower level

PRD, the Level II a_ure complete and consistent specification of program
requirements to
requirements, including those whose satisfaction necessitates resources or
capabilities outside direct control of the Space Station Program; traceable
satisfaction of high level requirements and constraints on the program; and

elimination of requirements for which there is no need.

Reboost

Raising the Space Station's orbital altitude to compensate for the effects of
atmospheric drag or station-induced factors such as propulsive venting.
Accomplished using Space Station propulsion with discrete burns at regular

intervals.

Space Station Freedom Proqram

The aggregation of U.S. and international partner space projects, space craft, space
systems, and ground systems generally associated with the development and
operation of, and encompasses within the interface specifications for, a permanent
Manned Base and Space Platforms, and whose development and operation and

funding are managed by NASA and the international partners.
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APPENDIX C

GROUND-BASED FACILITIES

The following list of ground-based facilities has been excerpted from the Space
Station Freedom Facilities Review Panel (FRP) Final Report of December, 1988.

A. CATEGORY DEFINITIONS

The facilities reviewed bv the FRP covered a broad range of activities. Grouping
facilities into categories tthat parallel key program functions
difficulty in understan,4;n,, _..,_..,__:_:__, ....... eliminates some of the
...... •,,,,s =,,,,-dHues oe_ween factl=des ancl their interrelationships
(aitnougn the assignment of a facility to a specific category was difficult in some
cases because the function of that facility overlapped multiple categories).
Accordingly, the following categories were defined:

SOFTWARE DEVELOPMENT: Facilities in this category are used for software
production, verification, and software simulation for hardware design/development.
The scope of development may include, for example, the Space Station Information
System (SSlS), Operations Management System (OMS Tec "

Information System (TMIS), and Data Management _/stemh_l_Cl_lls)M_agc_meen_tynnd
facility support ranges from simple code development to the simulation ofd istributed systems.

ELEMENTS/SYSTEMS DEVELOPMENT: Design, fabrication, integration and testing
are the capabilities provided by facilities in this group. As expected, a large number
of test beds are found here. Typical hardware development may include the
modules, racks, truss structures, and distributed system components. The facilities
are primarily geared toward development, as opposed to operations, although some
may be required to support sustaining engineering.

MOCK-UPS/SIMULATORS/TRAINERS: There is considerable overlap in these three

areas. For example, mock-ups, simulators, and trainers can be used for crew training
and hardware development, and a simulator or trainer can contain several mock-
ups. A mock-up refers to a simulator or trainer that has a fidelity that may vary from
very low (simple volumetric representation only) to very high (fully operational,
flight-like representation). The fidelity of a mock-u is
where an • • P dependent upon when,

, d how it will be used to support a particular activity (concept
development, engineering evaluation, crew training, etc.). A simulator is usually a
high fidelity mock-up driven by real-time computer(s) that enable demonstration of
an exchange of resources and simulation of a particular environment. The common
thread that ties this group together is the man-in-the-loop requirement which is
necessary for the proof-of-concept and crew trainin functi
thesejfaciIities .support element/system develo_men- °ns" Note that many of
_ruceauresoevelopmentandtraining functions _' _ extensively as well as

HEALTH/SAFETY/CREW PRODUCTIVITY: This cate or is '
Facilities here are focused on h=,,,; .... g Y ust what the name implies.en .... ,_,. the health sailer
crew members. The em ha " " _J ....... , . Y and productivit of the
me-art in human perfor_lancS_/Snc_(_tn°nssC.rew training, out advancing the _ate-of-

AUTOMATION AND ROBOTICS TECHNOLOGY. Research in "
g,oing on for some time. mai • .... this category has been

• nly through the Space _tat_on Freedom advanced
oevelopment program. Many of the facility capabilities are concentrated on the
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Flight Telerobotic Servicer (FTS). Other capabilities are more generic in nature, aimed
toward improving end-effectors and hand controllers. The grouping of facilities into
this category instead of the Elements/Systems Development category was done
because of the high visibility that automation and robotics receives throughout
NASA; thus making it easier to highlight facilities associated with A and R

technology.

MATERIALS TECHNOLOGY: Facilities in this category are commonly used for
materials investigation, selection and qualification. The capabilities represented

o an development program There is a distinct difference between
here are basic t Y . . • ." stems Development

"i ies and those placed within the. Elements/Sy .. . . ,
this set of facli t. ........ .-- • ....... *,,, _ Ke use oT test specimens TOr

rials tecnnolo y TaCllltle5 H=4u_,uy ,,,a ...........
category. Mate_. ,__ ,_...k_r I_=nd hardware development TaCllll;les,.ol_en
analysis ancl t.esl;mg: uT_ u,¢ v,,,_, '_'_""_'L^. .... ;.k =11 narcs and subassemolleS. As
times utilize the enl;ire component, cumlJ,_L¢ ,-,_ .... r-
with other development phase facilities, some may be required during mature

operations to evaluate materials used in experiments, payloads, or Space Station
Freedom upgrades/improvements.

UND AND SPACE OPERATIONS: This category emphasizes station operations
GROit_ nround suoDorc. Facilities included here will probably be required to support

Space'S_ation Free' d'om for the life of the program.

B. FACILITIES BY CATEGORY

i a listin of all facilities by name, with a facility Identification Code in
The following _ode congists of a Center identifier and a facility designation number.brackets. The
The Center identifiers are as follows:

Identifier Center

A ARC
G GSFC
j JSC
JPL JPL
K KSC
La LaRC
Le LeRC
M MSFC

Each facility is assigned to one of the function categories defined in the previous
section. A brief description is provided showing how each facility is used to support

Space Station Freedom development and/or operations. Locating facilities cross-
referenced in the text is made easier through use of the Appendix on page 33. [The
presence of an asterisk after a facility title indicates the use of Construction of
Facilities funding.]

1. SOFTWARE DEVELOPMENT

Engineering Computation Facility - CYBER 830 and 840 * [J-lg]: This faci!ity will
provide large cocle computational support to the engineering effort utilizing the
CYBER 830 and 840 computer systems. This support includes NASTRAN analysis for
structures; heat transfer and control systems analysis; plus math model development
for DMS and a stand-alone, non-real-time station simulation. This facility also serves

as host for the AC and S Test Bed (J-21).
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Attitude Control and Stabilization (AC and S) Test Bed [J-21]" This laboratory will
provide software models of proposed GN and C system components for early system
definition and development. As flight hardware designs are finalized, the AC and S
math models will be updated. During operations phase, the AC and STest Bed will
support assembly through vehicle dynamic modeling• This same dynamic modeling
capability will be required to support evolutionary growth of Space Station
Freedom. Unlike the GN and C Emulator Test Bed (J-01), this test bed is off-line for
batch mode processing and is required for computationally intense GN and Canalysis.

Data Management System (DMS) Test Bed * [J-22]: This facility is a distributed high
fidelity DMS Test Bedto functionally integrate participating JSC systems test beds. It
will also provide data communication and connectivity with other test beds in the
SSIS network such as ESA and GSFC and will support developmental work "
technical areas such as OMA conceptual definition activities as well as critic_
hardware (e.g., NIU) development and evaluation• This integrated test bed will

support the investigation and validation of fundamental engineering and
operations DMS concepts for use on Space Station Freedom.

Systems Operations Development Laboratory [J-43]: This Lab supports ground
operations software applications prototyping such as display and control, fault
detection, procedures interpreter, systems management, training software

prototyping (ground and on-board), and hardware/software technologyassessments andtrade-offs.

Multi-systems Integration Facility (MSIF) * [J-44]- The MSIF will establish a high
fidelity program level integration facility for the Space Station Freedom Program
software to ensure developer systems are integrated, tested, and certified as flight
ready. Products which will assist Space Station Freedom development are certified
software flight loads and integrated software/hardware flight ready systems•

Software Support Environment (SSE) Development Facili * J-45 • Thl
support the develonment ,4 .... ,_:_: .... ity .[ ]. s facility will

• ,. an,, _u_a,_,ng englneerln tot the So
Environment The SSE, consistin . .._ cj ftware Su.pport

• g of software life cycle tools, rules, ana proceclures,
will be used across the program and through the life of the program for sustaining
engineering of the Space Station Freedom Program Operational Software System.

Goddard Software Production Facility (GSPF) * [G-09]: This GSFC facility, located in
the Customer Data Operations Facility (CDOF), will provide support for the
development and maintenance of WP-03 software. It will operate a subset of

software tools supplied by the SSE and support the implementation rules developedby the SSE.

Platform Data Management System Test Bed [G-15]: The Platform DMS Test Bed
will be used by the WP-03 contractor to" (1) evaluate modifications required to
common JSC DMS components for application to platform DMS; (2) check hardware
and software interfaces as they are breadboarded so they can be checked out
functionally; (3) test bus access protocols and associated data latencies; (4) test
limited layer data management protocols for functionality; and (5) determine the
impact of data system architecture on platform subsystems (e.g., the effect upon GN
and C Control Loops, Command Security Processing and mass storage considera-tions).
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Electric Power System Simulation Lab [Le-07]: The Electrical Power System
Simulation Lab will be used to conduct supporting development tests of power
system control software and to support the Software Integrated Test to be
performed by the WP-04 contractor at LeRC. This software includes power system
control algorithms and power system simulation for PV, SD, and hybrid
configurations. It also can be used in evaluating the ADA Department of Defense
software language for real-time power system control algorithms.

Kennedy Software Production Facility (KSPF) [K-07]' This KSC facility will support
software development for integration and checkout tests from prelaunch to

postlanding. It will also allow software to be produced to check Shuttle/Space
Station Freedom payload interfaces.

2. ELEMENTS/SYSTEMS DEVELOPMENT

WP-01 Manufacturing and Assembly Building [M-01]: The WP-01 contractor will
utilize MSFC Building 4708 for manufacturing and assembly operations and for
administrative offices. It will also provide for meteoroid shield fabrication; module
structural assembly and checkout; rack assembly and integration; tube and duct
fabrication; and module integration assembly and checkout(IACO).

Core Module Integration Facility * [M-02]: During the development phase of the
program, the facility will support ECLSS component and system level testing. This
includes subsystem/system simulations, enhancements of existing hardware, and
interface verification. This facility will provide for flight support activities such as
maintenance/verification of subsystems, new module/node interface verification,

growth subsystem use validation, Space Station Freedom future missions, and the
troubleshooting of anomalies occurring in the flight system during the operations

phase.

Process Materials Management System (PMMS) [M-03]" This facility supports the
development testing of the Process Materials Management System, a subsystem of
the U. S. Lab Module. The hazardous nature of the system operation is a key facility
consideration. Tasks include, but are not limited to, development and test of safety

operations/procedures; chemical and microbial assessments; data reduction and
ortin ; materials and equipment procurement and disposal; and facility

re.p., _ g_. ....... ,,__-__ _...;a._,,,, intearation, test modification, repair and
valioaT.ion testlnq, INST.alIc_LIUII, uulluup, • = . _ . • ................

oval. This effort will provide NASA with high fidelity PNIM_ test equlpmen_ _na_
_i_l be used to evaluate methods of handling hazardous substances on Space Station

Freedom and to test payload accommodations.

Mechanisms Test Bed * [M-14]: This facility will be used for berthing mechanism

dynamics and loads verification testing using a six degree of freedom motion
imulator. The tests will be conducted for the purpose of developing components of

_he mechanism, such as alignment guides and capture latches, and to qualify the

total berthing mechanism.

Audio�Video�Data Management System Breadboard [M-16]" This facility will be
used to develop and maintain the capability to investigate and evaluate internal
audio and video system components and concepts and their interfaces to the
remainder of the system. This capability includes specialized test instrumentation for
evaluating the performance of internal audio and video components, and includes
equipment for simulating the interfaces between audio and video functions and the
DMS with other interfaces. During the operational phase, the



facility will be used as needed to support troubleshooting and flight system
upgrades.

cElectr,ical Systems Breadboard * [M-17]: This facility will be used to test s stem

isl;riou_ion nardware (including load converters, load center switchgear, ca_ling,
and rack interface hardware) and automated control hardware/software (including
load center controllers/MDMs and the appropriate software) for use in higher
fidelity module test equipment. This breadboard will identify/characterize
component to component interactions for various load and source types, define
module distribution operating modes, define the control of individual integrable
racks within guidelines established by the WP-04 EPS controller, and define the
automated operational interfaces to other functions and controls.

Dynamics Test Facility [M-18]: This facility supports vibration, modal and acoustics
testing for the development and certification of WP-01 structures.

Structural Test Facility [M-19]: The facility supports static load, pressurization and
functional testing of WP-01 structures.

Repair Technology Development Facility * [M-25]: This facility will be used to test
materials and processing technology for on-orbit repair. It will simulate on-orbit

conditions (television chamber). It will also test and develop repair methods using"
(1) reaction injection molding; (2) fiber reinforced plastic foams; (3) a space-
compatible welding/cutting system; and (4) a space-compatible plasma spray system
for the repair of coatings.

Guidance, Navigation and Control (GN and C) Emulator Test Bed [J-01]: The GN and
C Emulator Test Bed consists of functional math models of anticipated GN and C

system components programmed on separate processors, connected together in a
manner to represent the GN and C architecture. This test bed provides the tools
required to evaluate redundancy of GN and C components and the real-time aspects
of the GN and C system operating in a distributed environment. As the GN and C
system design matures, the functional processing elements will be updated to be
more representative of the flight system. During the operations phase, the test bed
will be used to evaluate updates necessary due to technology growth and enhanced
requirements. This test bed operates in an interactive or real-time mode and is
interfaced with the DMS Test Bed (J-22).

Extra-vehicular Activity (EVA) Test Bed [J-02]: The EVA Test Bed will provide the
Space Station Freedom Program with critical development and integrated system
performance assessment. Primary goals of the EVA Test Bed include: the
development of a system representative of the Space Station Freedom Extra-
Vehicular Activity System; the provision of a mechanism by which advanced
technology concepts are evaluated at the component and system level for EVA

applications; and the provision of a facility for development, certification,
acceptance, and pre-flight verification testing of the EVA hardware.

Thermal Systems Test Bed (TTB) * [J-03]: The TTB provides the Space Station
Freedom Program with critical elements of thermal technology development and
integrated system performance assessment. Primary goals of the TTB include: the
development of a ground-based system representative of the Space Station Freedom
Thermal Control System (TCS) to verify the readiness of two-phase thermal
technology for use on Space Station Freedom; the provision of a mechanism by
which advanced technology thermal control concepts are evaluated at the system
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level for Space Station Freedom applications; and the provision of a facility for
development and certification testing of the Space Station Freedom TCS hardware.

Large Man-rated Thermal Vacuum Chambers A and B * [J-04]: These facilities will be
used to support tests which include manned EMU thermal/vacuum development ancl
certification, inteclrated active thermal control system (including payload/module
mechanical intertaces) thermal/vacuum development and certification, airlock
certification, and numerous additional subsystems and pre-flight verification tests
for other critical station mechanical systems.

Small Unmanned Thermal Vacuum Chambers * [J-05]: These facilities support the
testing of component parts of the Space Station Freedom EMU active thermal
control system and other thermal critical items that will be required during the
development test period. Testing of thermal control subsystems with radiation heat
transfer as allowed by these facilities is mandatory. A number of small vacuum
chambers are available which allow unmanned vacuum testing.

Manned Vacuum Chambers (Bldg. 7) * [J-06]" The 8-ft., 11-ft., and 20-ft. Chambers
and the Airlock Test Facility are used as follows: (1) the 8-ft. Chamber will be used to
test a number of Portable Life Support System (PLSS) components requiring a
combination of vacuum and canned man capability. Unmanned PLSS prototype
verification and Unmanned PLSS certification will be supported. Acceptance of
EMU's after fabrication and re-verification will be performed; (2) the 11-ft. Chamber
supports manned verification of the Space Station Freedom prototype EMU.
Additional flight units will require acceptance testing following fabrication, and
periodic re-verification of flight EMUs is also expected; and (3) The 20-ft. Chamber
will have an Airlock Test Facility and support man-rating of airlocks and airlock

systems verification of airlock system procedures, crew training in EVA systems and
mission testing.

Addition to Antenna and Tracking Development Lab * [J-07]: This facility will
provide laboratory space and test facilities to accomplish antenna and
communications equipment development, fabrication, testing and certification for
numerous Space Station Freedom hands-on engineering taSKS related to electro-

optical tracking, communications, and robotic sensor systems.

Tracking Systems Test Bed [J-08]: The Tracking Systems Test Bed will support the
development, verification and operational support of the Global Positioning System
(GPS). JSC personnel will utilize the facility to evaluate candidate hardware and
software approaches to GPS operations, develop receiver performance simulations,
define critical design parameters and provide GPS/Shuttle flight experiment
hardware. The WP-02 contractor will use the same facilities to test prototype

designs and to perform final system verification testing.

Anechoic Chamber/Near Field Antenna Facility * [J-09]: This facility will test first
small-scale model antennas for preliminary design values to support the antenna
Preliminary Design Review (PDR); incrementally test full scale early development

• velo mental chan es; test full scale prototype and final
models and successive.de p . g ............ ,,-_,R,s _
developmental protofhght models _n support of the _.r_lcal ues_gn Kev_ews _-u J
and design freeze. The facility will also test and determine the exact performance
values of flight antennas for flight certification prior to delivery for Space Station
Freedom installation and produce Radiation Distribution Plots (antenna patterns).
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Radio Frequency Communications Lab [J-10]: This lab provides supporting
development and design verification for RF communications systems such as
Multiple Access Communications, EVA Communications, and Emergency S-band.
Activities include basic breadboard design , development and test; component
development and test; interface tests; evaluation of design changes; e.g., alternate
frequency bands, and verification testing of final hardware implementations. The
lab includes microwave design capabilities as well as fabrication and test facilities.

This facility provided the above type support to Shuttle antenna development and is
currently supporting development of new (Block II) replacement antennas.

Electromagnetic Interference (EMI) Test Facility [J-11]: This lab will perform
electromagnetic interference and susceptibility tests and evaluations on spacecraft
developmental hardware and flight hardware. The lab includes unique test
equipment, and trained engineering and technician personnel for conducting flight
hardware EMI certification, EMI anomaly investigation, verification of shielding
effectiveness, and analysis of potential electromagnetic compatibility (EMC)
problem areas. This facility currently performs the above functions for the Shuttle
and on-board Shuttle flight experiment packages and DOD flight-added equipment.

Electronic Systems Test Laboratory (ESTL) * [J-13]: The function of the ESTL is to

take developmental C and T hardware (breadboards and prototype boxes) during
their evolutionary development phases and place them operationally into the
"systems level" environment in which they must successfully operate. This results in
identifying major and minor system design and operational problems very early in
the developmental stages when design changes are inexpensive to make. The ESTL
has all the RF links for the Shuttle Program (Ground Station, TDRSS, Orbiter, EVA,
payloads) generated by actual flight or protoflight equipment therein.

Flight Telecommunications Development Facility [J-14]: This facility will support the
development and test of critical subsystem components for video, audio and signal
processing to include definition of: (1) critical areas of system interaction; (2)
needed refinements to ACD's; and (3) network end-to-end integration for space-to-
space and space-to-ground development.

Communications and Tracking (C&T) Control and Monitoring System (CMS) Test Bed
[J-15]: The CMS Test Bed will be used to support the design, development and
evaluation of Space Station Freedom C and T systems status monitoring, and control
and resource management techniques using expert systems hardware/software
technology. The CMS test bed capability will use prototype flight processors,
network interface units, mass storage devices, fiber optic networks and associated
software in a breadboard test environment. The capability to interface the CMS test
bed with other C and T subsystems breadboards and the DMS/OMS test beds will be
established.

The Space Systems Automated Integration and Assembly Facility (SSAIAF) * [J-16]:
nis facility is a planned in-line support laboratory for the work package contractor

and will be used to perform dynamic testing of docking/berthing devices, assembly
sequence procedures development and fit-check verification, and
automation/robotics development and evaluation. Early development activity is
needed in support of the work package contractor requirements. It will provide a
capability for mechanical systems integration and testing and provide a capability
for real-time mission support of on-orbit assembly. Tests in this facility will be
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performed to develop optimum procedures for construction, inspection,
maintenance and repair activities.

Electric Power Distribution and Control (EPDC)Lab/Test Bed [J-20]: This laboratory
will provide a facility to support development and operational phases of the
EPDC/DataManagement System interface. A minimum EPDCbreadboard with work
stations will be developed and interfaced with the DMS.

Avionics Engineering Laboratory * [J-23]: This facility will be used to support
hardware/software flight design and integration verification testing representing
the Shuttle-to-Space Station Freedom configuration. The existing facility presently
supports, and is funded by, the National SpaceTransportation System.

White Sands Test Facility (WTSF) Propulsion Test Area [J-24A]: The WP-02
contractor has proposed to utilize the Propulsion Test Area for development,
qualification, and operational support testing of the Space Station Freedom
integrated propulsion element.

Thermochemical Test Area [J-25]: This test area will be used for testing of

propulsion, fluids and utilities components and system breadboards to provide
support for the WP-02 development effort and to flight operations.

Structures Test Lab [J-27]: This lab will support mechanical properties tests,

including fatigue and crack growth properties, on materials at room temperature
and high and low temperatures and structural development and verification tests on
Space Station Freedom components and structural assemblies.

Dynamic Structural Testing [J-28]: The Vibration and Acoustics Test Facility and the
Dynamic Docking Test Facility will support hardware development and verification;
perform model, vibration and acoustic testing to verify math models and structural
integrity for launch conditions; verify math models and evaluate structural borne
vibrations and acoustics for on-orbit conditions; and perform docking tests to

support the development and verification of docking/berthing mechanisms.

Graphics Analysis Facility [J-36]: The Graphics Analysis Facility performs systems
engineering analyses of man-machine interfaces, flight operations, vehicle and
payload design, and mission planning via customized, interactive, 3-D computer
graphics packages (PLAID/TEMPUS). The unique man-modeling software, which
augments the analysis capabilities, is continually being enhanced with new
technologies and an expandinganthropometric data base. The facility also supports
the Space Station Freedom Flight Telerobotics Servicer program.

Food Systems Engineering Facility [J-37]: This facility will be used for food system
component testing and evaluation, the development of a crew training program for
food system operations and food provisioning,, consisting of the flight food, its
packaging and all accessory items for prepanng and serving it. During the
operational phase, this facility will provide sustaining engineering and technology
enhancements to the food systems and provide crew member orientation and
training in food system procedures and operations.

Instrument Thermal Test Bed (ITTB) [G-04]: The Instrument Thermal Test Bed is a full
scale test facility that will permit the ground testing, qualifying and certifying of
new, two-phase thermal technology for Space Station Freedom applications. The
ITTB can provide a realistic simulation of the attached payload and/or platform
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thermal environment. A variety of cold plates, condensers, heat exchangers, and
similar equipment can be accommodated. The ITTB can operate in either a pure
capillary, mechanically-pumped or hybrid mode. The thermal capacity is over 12
kilowatts and the transport length can be either 10, 20 or 30 meters. In addition to

accommodating a wide variety of equipment, the ITTB is designed to be very flexible
and permit hybrid reconfigurations.

Spacecraft Systems Development and Integration Facility/Integration, Test and
Verification Facility - Attached Payload Accommodations Equipment (SSDIF/ITVF -
APAE) * [G-07]: This facility, located in the Spacecraft Systems Development and
Integration Facility (SSDIF), will support Integration, Test and Verification for WP-03
Attached Payload Accommodations equipment and user needs. Services will be

provided for integrating, testing and verifying the interfaces, training and operation
of payloads with the APAE. It will be used to define interfaces during the
breadboard stages and then transition into an operational system to support
anomaly isolation/correction, the development of operation procedures, training
and the evaluation of enhancements.

Spacecraft Systems Development and Integration Facility/Integration, Test and
Verification Facility - Platforms (SSDIF/ITVF - Platforms) * [G-08]: This facility,
located in the SSDIF, is required to support Integration, Test and Verification for WP-

03 platform elements and user needs. An integration facility with platform
capabilities will integrate platform subsystems and payloads into the Space Station
Freedom network for future missions. The ITVF will also have the capability to verify
platform interfaces, support anomaly isolation/correction, the development of
operation procedures, training and the evaluation of enhancements.

Development, Test and Evaluation Facility [G-12]: This facility will support the
development of the test and evaluation of the demonstration test flight equipment
and the Flight Telerobotic Servicer flight elements. Further, it will be used to

develop associated procedures, techniques and scenarios, in addition to supporting
training, end-to-end tests, anomaly investigations and enhancement development.
The test facilities include Thermal Vacuum, RFI/EMI, Vibration and Static Loads.

Environmental Chamber B-2, Plum Brook [Le-01]: The Environmental Chamber will
be used to support WP-04 contractor tests of the Solar Dynamic Receiver and Power
Conversion Unit under thermal/vacuum conditions. It will not be required if Le-02
(Tank 6) is available to the program.

Environmental Chambers. Tanks 5 and 6 [Le-02]" Tank 5 will be used to conduct

supporting development tests and support WP-04 contractor tests of photovoltaic
solar array panels. These tests will evaluate the interaction of plasma with the array
panels. Tank 6, after modifications, will be used to conduct supporting development
tests of an advanced development solar dynamic receiver and to support WP-04
contractor tests of the Solar Dynamic Receiver and Power Conversion Unit. These
tests will evaluate the performance of the systems under thermal/vacuum
conditions.

Power Management and Distribution (PMAD) System Test Bed [Le-03]: The purpose
of the PMAD System Test Bed is to conduct supporting development tests that
include the testing, control, and operation of a single channel of an integrated
PMAD System Test Bed. Specific tasks include: the demonstration and test of the

source conversion and load conversion hardware; verification of the proper
operation of the power management processor, power source controller, power
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distribution controller and main bus switching controller with the Power
Distribution and Control Unit (PDCU) and Main Bus Switching Unit (MBSU); and the
verification and demonstration of the ring bus protection system for hard and soft

faults including the classification of faults and reconfiguration of loads.

Space Power 20 KHz Test Bed Facility [Le-04]: The Space Power 20 KHz Test Bed
Facility is used to conduct supporting development tests of a 20 KHz breadboard
system. This includes source inverters, load converters, distribution system
components and cabling, and computer controls.

Power Systems Facility (PSF) * [Le-05]: The PSF will be used to support experimental
evaluations in a test bed of alternating current distribution systems and system
control concepts and architectures for the Space Station Freedom Electrical Power
System. This will include PMAD and energy storage system supporting development
tests and the support of WP-04 contractor tests of the PMAD system. Also included is
optical evaluation testing of the Advanced Development Solar Concentrator. The
PMAD test bed will consist of solar arrays and/or solar array simulators,
representative loads, candidate storage systems, power management and
distribution, protection, and control systems. The test bed will be supported by

subsystem and component test laboratories.

Nickel-Hydrogen (NiH2) Cell Test Bed [Le-06]" The nickel-hydrogen cell test bed is
used to conduct supporting development tests of NiH2 cells. These will provide
lifecycle data on NiH2 cells prior to CDR and input to cell component evaluation and
selection prior to First Element Launch.

Space Power Facility, Plum Brook * [Le-08]: This facility will be used to test large
Space Station Freedom structures, including antennas and solar-powered panels to
validate future growth configurations and to verify the control of flexible structures
design and develop methods for automation/assemoly. /ne existing _pace rower
Facility will be used to support the experimental evaluation of electrical power
system integrated assemblies for Space Station Freedom. This will include WP-04
contractor tests of the photovoltaic module.

Rotary Joint Fluid Transfer Test Bed [La-05]: This facility will be used to perform
development tests using anhydrous ammonia on candidate fluid coupler design and

to qualify fluid couplers for fluid proof loads and life.

Structures Laboratory [La-06]: The structures laboratory is used to develop a broad
range of structural concepts, including erectable Space Station Freedom trusses,
deployable mechanisms, mobile remote manipulator systems, and automated
structural assembly techniques. The Space Station Freedom hardware developed in
this facility is applicable to the Phase I, Phase II, and evolutionary concepts.

Neutral Buoyancy Test Facility (NBTF) * [A-01]: The NBTF employs an 11 ft. diameter,
9 ft. deep tank to evaluate new space suit and end-effector technology. Under
future-year funding, it will be relocated to the Human Performance Research
Laboratory and enlarged to permit the early evaluation of technologies critical to
the timely evolution of equipment and procedures for future zero-g extra- and intra-
vehicular activities. The relocated NBTF will support full-range-of-movement video

recording and motion analysis.
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3. MOCK-UPS/SIMULATORS/TRAINERS

Payload Operations Training Facility (POTF) [M-08]: The POTF will provide for the
development, maintenance and verification of payload operations training,
including hardware and software that will support the training of payload crew,
POIC personnel, experimenters and users. This facility will provide both Space Station
Freedom data as well as training.

One-g Mock-up * [M-09]: This facility will be used for the design, development and
evaluation of distribution systems routing and utility access, direct-mounted
equipment locations and human factors assessments.

Neutral Buoyancy Simulator Facility [M-10]: This facility will be used to assess zero-g
design impacts upon WP-01 elements. Development testing of Space Station
Freedom assembly operations is planned, along with repair techniques, element
interfaces, and Oroital Replacement Unit (ORU) servicing requirements.

Communications Systems Simulation Laboratory (CSSL) [J-12]: The CSSL is the
primary facility for the simulation and analysis of Space Station Freedom
communications links with the TDRSS, Shuttle, EVA's, OMV, MSCS, free-flyers, etc.
Use of the CSSL includes system design, design verification/optimization, derivation

of system specifications, flight-hardware performance predictions, anomaly
investigations and mission-dependent operational performance predictions. The
CSSL contains the computer-aided analysis tools which will be used to provide end-
products for three C and T in-line tasks: (1) compatibility analysis; (2) circuit margin
analysis; and (3) RF coverage analysis.

Systems Engineering Simulator (SES) Station/On-orbit Simulator * [J-18]: The SES
will be used by the WP-02 contractor and is required to provide a real-time man-in-
the-loop simulator supporting Space Station Freedom. The simulator will provide
the base for the evaluation of development and operational issues concerning
proximity operations with the Shuttle, MMU modules, OMV, OTV, and other free
flyers with Mobile Service Center operations. The simulator includes a computer
complex, Orbiter and MMU crew stations, all complete with visual displays shared
with Shuttle simulators and functional representations of workstations.

Neutral Buoyancy Laboratory (NBL) * [J-38]: The NBL will be a large neutral
buoyancy simulation facility that will provide the mandatory capability to support
EVA activities associated with the large-scale on-orbit construction, verification,
crew training, and mission operations. Products are Engineering Evaluations,
Procedures Verifications, EVA Training and Real-Time Mission Support.

Space Station Mock-up and Trainer Facility (SSMTF) * [J-39]: The purpose of the
SSMTF is to provide one-g mock-ups and trainers, a mobile remote manipulator
system and other associated facilities in support of the Space Station Freedom
Program. The function of this facility is to support engineering development and
integration of hardware and systems; support training for flight crews, flight
controllers and instructors; support real-time flight operations; and support NASA
Public Affairs Office activities. Included in this facility are the following: the Man-
tended/Permanent Manned Presence (MT/PMP) mock-up which is composed of the
Habitation, JEM, ESA and four node modules; the Mobile Remote Manipulator
Development Facility (MRMDF); and part-task mock-ups and trainers as required.
The SSMTF, along with the NBL and WETF, comprise the Manned Systems IntegrationTest Bed.
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Weightless Environment Training Facility (WETF) [J-40]: The WETF provides neutral
buoyancy simulator support for engineering evaluations, EVA flight procedure
development and validation and crew training, pending the availability of the NBL
facility at JSC. An operational STS Remote Manipulator System (RMS) is installed in
the WETF. The WETF neutral buoyancy simulators are an integrated element within
the JSC task of flight procedure development, crew training and evaluation of
astronaut interface hardware designs.

Space Station Training Facility (SSTF) * [J-41]: This planned facility supports ground
trainina applications software development; manned base training for crew and
around'support personnel; integrated operations training for systems and payloads;
_'light and ground procedures verification; flight software verification; and SSIS
network simulation.

Spacecraft Systems Development and Integration Facility/Integration Test and
Verification Facility - Robotics Assembly and Servicincl Simulation Facility

(SSDIF/ITVF - RASSF_* [G-05]: This Robotics Assembly anti Servicing Simulation
Facility (RASSF), located in the SSDIF, provides support for the WP-03 Flight
Telerobotics Servicer and servicing simulation elements and user needs. It provides a
ground system that uses FTS, attached payload and supporting element models for
the evaluation and development of Phase I Assembly and Servicing. Further, the
facility will be used to support anomaly isolation/correction, the development of
verification of operations procedures, the evaluation of enhancements, and

training.

Payload Accommodations Assessment Facility [La-03]: This facility will be used to
analytically provide timely and rapid evaluation of the ability of Space Station
Freedom to accommodate payloads, the impact that the operation of individual or
sets of payloads would have on Space Station Freedom or other payload operations,
and the impact that off-nominal operations would have on payload operations.

4. HEALTH/SAFETY/CREW PRODUCTIVITY

Medical Operations and Research Building. * [J-29]: This facility will house the
medical operations and research laboratory space needed for the accomplishment of
biomedical operational and research medicine programs required for the support of

Space Station Freedom crew certification, flight preparation, health maintenance
and monitoring, and baseline collection and analysis. It is required to support
Extended Duration Crew Operations (EDCO) and the Health Maintenance Facility

(HMF).

Human Computer Interaction Laboratory [J-32]: The Human Computer Interaction
Laboratory defines requirements for optimized interactions between humans and
computers, including display content and format, control type, use of text and
graphics, and workstation design. The Laboratory uses state-or-the -art components
and performs evaluations of conceptual designs, conducts research on these topics
and applies research results to on-going programs.

Lighting Laboratory [J-33]: The Lighting Laboratory performs analyses of factors
relevant to the astronauts' visual environment. Special equipment is employed to
assess ambient and special lighting needs, reflective and transmissive characteristics
of materials, payload/vehicle reflectors and running lights, and IVA/EVA operations
lights. The Laboratory defines requirements and evaluates design concepts for
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lights, alignment aids, docking targets, etc., for on-going programs. The Laboratory
also performs research to take advantage of new technologies applicable to the
visual environment.

Anthropometric Biomechanics Lab [J-34]: The Anthropometrics and Biomechanics
Laboratory will q[uantify human performance capabilities under shirt-sleeved and
space-suited conaitions. The Laboratory measures strength and motion in one-g and
simulated zero-g conditions (via neutral buoyancy and Keplerian flight) and is
preparing for measurement in true zero-g spaceflight. The Laboratory also
measures static and dynamic anthropometry to complement developing the
capability for laser-mapping the body. The impact of human performance on vehicle
design is identified in special tests, which are coordinated with design personnel.
The laboratory research results are disseminated to design personnel and are input
to the computer man-modeling efforts conducted by the Graphics Analysis Facility.

Human-Interactive Systems Test Bed (HIST) [A-03]" The Human-Interactive Systems
Test Bed (HIST) will be used to develop and validate technologies for optimum
human interaction with complicated automated systems. The HIST will also be used

to develop guidelines for evaluating crew productivity and for optimizing overall
system reliability, including the human element. Located in the highbay area of the
Human Performance Research Laboratory, the HIST will include mock-ups of Space
Station Freedom pressurized modules and of ground facilities such as the Principal
Investigator and Ground Control stations. It will include a computational system
modeled after the Space Station Freedom Software Support Environment and
consisting of workstations, VAX-class processors, as well as other Data Management
System and Operations Management System hardware and software characterizing
the Block I and II SSlS environments.

5. AUTOMATION AND ROBOTICS TECHNOLOGY

Robotics Facility (Flat Floor) * [M-15]" This facility will support testing and
evaluation of Space Station Freedom modules which will include test equipment,
manipulators, and end effectors needed to evaluate flight hardware.

Advanced Systems Development Laboratory (ASDL) * [J-17]: The Advanced Systems
Development Laboratory (ASDL) will provide analytical and test bed support for the
development of Displays and Controls Workstations and manipulator systems.
Integration of these systems and integration with the DMS Test Bed will also be
provided. Eventually, expert systems applications will be integrated and evaluated.
The capability is provided to evaluate the Multi-purpose Applications Console which
supports subsequent utilization in the Systems Engineering Simulator proposed by
the WP-02 contractor.

Man-systems Telerobotics Lab [J-35]: The Man-systems Telerobotics Laboratory will
perform research concerning the human interfaces with
manipulator/telerobotic/robotic systems across a wide spectrum of system
capabilities (i.e., manual control to supervisory control). The Laboratory supports
development of the Flight Telerobotics Servicer program and provides man-machine
requirements, conceptual design inputs, and design evaluations for telerobotics
workstations, robot design and robot sensor systems (e.g., vision, proximity, force).
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Development, Integration and Test Facility (DITFAC) * [G-11]: This facility will allow
the performance of engineering analyses and simulations; the testing ano
verification of telerobotic components; the development and testing of operational
scenarios and support the integration and demonstration of flight test systems.

Spacecraft Systems Development and Integration Facility/Integration, Test and
Verification Facility - Flight Telerobotic Servicer (SSDIF/ITVF-FTS)
[G-13]: The Flight Telerobotic Servicer will utilize the ITVF area in the SSDIF for
assembly, integration and servicing task verification, and test with a focus on robotic
interfaces with specific payloads. After the launch of the FTS, the facility will
continue to test and integrate new robotic technology upgrades and provide
verification of the F-I'S/payload servicing capability and associated interfaces.

Robotics Laboratory [La-07]: The Robotics Laboratory is used to conduct research on
the applicability and capability of a variety of manipulator and robotic systems and
concepts. The lab is used in the development of automated structural assembly
concepts, the evaluation of various manipulator arms and support the Flight
Telerobotic Servicer program.

Controls and Robotics Laboratory * [JPL-01]: The Controls and Robotics Laboratory
will support various JPL programs on Controls, Sensors, Actuators, Robotics,
Teleoperators, Human Factors and Artificial Intelligence. Laboratory space and
workstations with computer terminals are operationally coupled to permit large,
complex, proof-of-concept demonstrations and integrated experiments and tests.
The required technology for Space Station Freedom missions will drive the research
and development products of this laboratory.

Automation Sciences Research Facility * [A-02]: The Automation Sciences Research
Facility will house the basic research and development activities associated with
intelligent autonomous systems technology. The facility will include space for mini-
test beds, which will be used to develop and validate automation technolog!es
applicable to Space Station Freedom without impacting the schedules of the major
test beds. It will share the use of the Human-Interactive Systems Test Bed (A-03) in
the Human Performance Research Laboratory in order to enhance the effectiveness
of systems that involve significant man-machine interfaces. The technology
developed will increase safety and productivity and reduce costs for many programs
-- including a permanent manned presence in space, scientific missions and future
Lunar/Mars unmanned and human expeditions.

6. MATERIALS TECHNOLOGY

Materials Compatibility Lab [M-04]: This facility will support materials compatibility
analysis and testing in support of the PMMS Waste Management System. Long
duration tests of material, component, and system degradation will be conducted
using a wide variety of chemical substances so that synergistic effects can be
evaluated. Ultimately, a fully configured PMMS Waste Processing Facility will be
established to test the effectiveness of the system and validate replacement
procedures to identify materials which must be prohibited. This effort will result in a
laboratory testing facility primarily for the handling of toxic and corrosive materials
needed to develop and qualify materials/components (valves, accumulators,

regulators, etc.) for the PMMS system.

Combined Environmental Effects Facility * [M-20]: This facility will be used by the
WP-01 contractor to provide a data base for screening, selecting, and qualifying
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materials for long-term space exposure by performing simulation tests of the effects
of combined environmental influences (thermal, ultraviolet, electron, proton) and
analyses of the data acquired.

Contamination Evaluation and Materials Quality Facility [M-21]: Materials and
systems will be selected and tested in this facility under realistic operating conditions
(temperature and pressure) to verify that contamination levels are acceptable.
Products include: (1) derivation of detailed WP-01 engineering requirements based
on program needs; (2) definition of cost-effective control methodology; (3)
development of thermal/vacuum out-gassing/deposition/effects data base; (4)
qualification of materials for WP-01 hardware and systems based on anticipated
operating temperatures; (5) improved VCM material selection testing capability;
and (6) improved determination of process parameters for outgas contamination
conditioning of materials.

Lubricants Evaluation Facility [M-22]" This Lubricants Evaluation Facility is needed
to perform in-house lubrication tests, materials evaluations and characterization of

lubricants and materials in support of Space Station Freedom research,
development, and operations.

Materials Combustion Deterioration Test Facility [M-23]: This facility will be used to
conduct tests as specified in NHB 8060.1B for Space Station Freedom work package
contractors to obtain information on the flammability and chemical compatibility of
materials. The tests conducted are to determine the effect of the Space Station
Freedom environment on materials usage applications from a safety standpoint and
the long term effects of the environment on the flammability of materials. Materials
will also be tested in high pressure oxygen and in storable propellants.

Composites Technology Development Facility * [M-24]: This facility will support
composite materials development for structural applications, including racks,
pressure vessels, Iongerons, fasteners, and the Log Module plug door. Test articles
will be fabricated. Non-destructive evaluation procedures will be defined for cured-
part testing and repair verification. Composite materials applications (thermoset
and thermoplastic systems) will be evaluated for primary structure applications.

Atomic Oxygen Test Facility [M-26]: This facility will be used to select materials to
meet the atomic oxygen (AO) resistance requirement, candidate WP-01 hardware
materials and evaluate protective coatings. Also, an AO data base is needed to aid
designers in the selection of acceptable materials for the scope of hardware
applications anticipated. The WP-01 contractor plans to utilize this facility to obtain
the required AO test data. The facility will support testing of long term AO effects
on Space Station Freedom materials and the continued evaluation of new materials
that are to be placed in orbit.

Meteoroid/Debris Protection Test Facility [M-27]: The Meteoroid/Debris Protection

Test Facility will be used by the WP-01 contractor and is required for screening,
evaluating, selecting and qualifying candidate materials, structural configurations,
penetration effects of module shell and internal systems for long term debris
protection. Other contractors have also requested usage of the facility for structural
and pressure vessel testing.

Non-destructive Evaluation (NDE) Facility [M-28]: This facility supports the
performance of nondestructive evaluation of fracture-critical WP-01 development,
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qualification, and flight hardware. Diagnostic hardware, specifications, procedures,
etc., are currently in place. The WP-01 contractor intends to utilize the facility during
the development phase. The facility will be used during the operations phase to
continue NDE analysis of experiment/equipment racks and other equipment that is
returned from orbit.

White Sands Test Facility (WSTF) Materials Laboratory [J-:_4B]: The WP-02 contractor
has proposed to utilize the WSTF Materials Laboratory for Space Station Freedom
materials, components and hypervelocity impact testing. Materials tests include
flammability, odor evaluations, off-gassing, high pressure impact, ignition
susceptibility of metals, combustion properties, explosive characterization of
aerospace fluids, etc. Components testing encompasses off-gassing/out-gassing tests
of flight hardware, the service life of valves, reliability and qualification testing of
components, etc. Tests are also proposed to assess potential hazards caused by the
impact of space debris/meteoroids on vessels pressurized with space fluids such as
oxygen, nitrogen, hydrazine, and ammonia.

Materials Technology Labs [J-26]: These materials technology labs are used to
conduct studies in the areas of materials development, evaluation and certification

for long-life. These studies are required to provide data to the work package
contractor.

Hypervelocity Test Facility []-31]: This facility provides the ability to screen and
evaluate new materials and configurations. The objective is to evaluate and develop

new light-weight materials for use as spacecraft and EVA space-suit shielding.
Provides the capability for in-house testing of the effects of small debris particles on
Space Station Freedom components such as space-suits, windows and various
structural members.

Materials Testing Laboratory [La-04]: This facility will be used to qualify Space
Station Freedom thermal control coatings for long-term stability under low-earth
orbit conditions and perform verification thermal-cycling tests of composite truss
tubes to determine the microcrack resistance of the selected graphite epoxy truss

tube material.

7. GROUND AND SPACE OPERATIONS

Systems Engineering and Development Facility * [M-05]: This facility w!ll provide an
office building which will be used to house the Space Stal;ion i-reeoom _,rojects
Office and associated personnel. The building will be attached to a building which
currently houses the majority of the Space Station Freedom test and training

equipment.

Payload Operations Integration Center (POIC) [M-06]: This facility will be used to
support real-time payload operations. It will provide an interface with the SSCC and
user facilities. It provides a central control point for payload operations; integrates
science operation centers; and includes host computer systems for mission planning

systems and analytical tools.

Engineering Support Center (ESC) [M-07]: The ESC facility will be used as an adjunct
to the Huntsville Operations Support Center (HOSC), to provide WP-01 engineering
support for real-time operations, it also serves as a control point for requests from
SSCC and POIC for engineering support for operations and supports engineering

flight evaluation and anomaly resolution.
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Space Station Control Center (SSCC)* [J-42]: The SSCC will provide for continuous

real-time Space Station Freedom control and support, manned base systems
integration/support, flight activities integration/support, flight crew and ground
support personnel integrated training, operations planning and preparation
support, ground applications software development and operations concept and
procedures verification. ESC functions are inherent in the SSCC.

Platform Control Center (PCC) * [G-01]: This facility, located in the Customer Data
Operations Facility (CDOF), will provide for control of the Platform core systems as
follows: originate, validate, and verify commands for the core systems; provide a
real-time command capability; monitor Platform core systems; track health and
safety information on the Platform systems; and manage the Platform hardware and
software configurations.

Engineering Support Center - Attached Payload Accommodations Equipment
(APAE) * [G-02]: This facility, located in the CDOF, will provide real-time monitoring
of maintenance and sustaining engineering for APAE. It will also provide an APAE
simulator for training, trend analysis for performance evaluations, operations
readiness demonstrations and real-time support for the SSCC and POIC, as required.

Engineering Support Center - Platforms * [G-03]: This facility, located in the CDOF,
will allow the following major functions of the Space Station Freedom Platform to
be performed, configuration control; performance evaluation; procedures
development and evaluation; support for test, verification, and training; and real-
time support to the Platform Control Center.

Integrated Logistics Support System [G-06]: This system, located in the SSDIF, will

provide storage and staging for WP-03 ground systems at GSFC, including staging for
ITVF, GSE, FSE, and short-term storage for flight ORU s. It will also allow logistics
planning and support for maintenance and operations, sustaining engineering and
systems development for Space Station Freedom Program activities.

Flight Dynamics Facility [G-10]: This facility will provide orbit, attitude and

maneuver support for Platforms, APAE Pointing Systems, and Servicing. It will also
provide Flight Dynamics Mission planning and operations for platforms and their
payloads including the validation of navigational systems, transmittal of space
network support data and the calibration of attitude sensors.

En_lineer!ng Support Center - Robotics * [G-14]: This facility, located in the CDOF,
wm provlae m-flight performance evaluation of the FTS to support integration test
verification, training, and real-time support to SSCC, POIC and PCC. It will also
provide configuration control, procedures development and evaluation and support
integration, test and verification.

Engineering Support Center * [Le-09]: This facility will be used to support flight
operations of the electric power system and provide engineering flight data
evaluation, trend analysis and anomaly resolution. It also serves as a control point for
power systems sustaining engineering support.

Polar Platform Processing Facility * [K-01A]. This facility at VLS provides the
capability to receive and process the Space Station Freedom Polar Platform during
non-hazardous operations. The facility can be used for carrier and propulsion
module pre-taunch checkout and a dry-mate of the carrier and propulsion module.
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Polar Platform Hazardous Processing Facility * [K-01B]" This facility at VLS provides
the capability to receive and process the Space Station Freedom Polar Platform for
hazardous processing. It can also be used for propulsion module loading and wet
mate/de-mate of the carrier and propulsion module.

Space Station Hazardous Processing Facility * [K-03]: This facility will be used for
servicing Space Station Freedom propulsion components. Gaseous oxygen and

hydrogen will be loaded in tank farms on the early missions.

Space Station Logistics Facility * [K-04]: This facility will be used to consolidate and
integrate Space Station Freedom logistics activity: intermediate and depot level
maintenance, training, supply support, storage, carrier/rack buildup; and shipping

and receiving.

Modifications for Space Station Logistics * [K-05]: These facilities prov!de, a!r-
conditioned logistics space for orbital replacement units. It will supplement Iogls_lcs
storage capacity in both [K-04] and [K-06] and will have specific areas identified for
GSE storage, reusable container storage and new container storage.

Space StationProcessing Facility .(SSPF). * [K-06]: .This facility will be used for the
integration, de-integration, ana cnecKou_ OT all non-nazaraous _pace _rdL,Uw'
Freedom elements, it will include final assembly, servicing, testing of elements,

logistics element loading/unloading, and payload operations.

Space Station Technology Discipline Operations Center (DOC) * [La-01]" The Space
Station Technology Discipline Operations Center will provide a facility from which
principal investigators can perform payload operations individually or integrated
with other technologists involved with similar or related experiments. The facility
will provide the equipment necessary for real-time command, control, and
communication with experiment payloads both on-orbit and pre-launch, and for

data capture, processing, and storage. This project provides for the modification to
Building 1244 which wi|l include the addition of approximately 20,450 square feet,
which includes space for mission control rooms, computer room, data operations
control room, data storage, conference rooms and offices.
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APPENDIX D

Space Station Tier I EIS Methodology

The Space Station Tier 1 EIS includes general analyses of potential risks associated
with the development, construction, assembly and operation of a Space Station.
Because the Station is only now being, designed, many of the report's conclusions are

oasea on program requirements, rather than on assessments of actual engineering
design, and on traditional NASA safety and design philosophies, rather than on
program-specific analyses. Other conclusions are based on sources cited in the
footnotes of this report. As a part of the design and development process, NASA will
perform extensive analyses in the next five years (1991-1996) to assure that the risks
associated with the Station are understood and mitigated to the extent feasible.

Although managerially complex, the Space Station does not pose undue technical
difficulties or risk in its development. No extraordinary engineering or
manufacturing efforts akin to the Space Shuttle or the Apollo program are expected.
Because the Station will be a manned spacecraft, however, its design will
incorporate stringent safety requirements to protect the life and health of the crew.
These safety requirements will also assure that the Station is environmentally safe,
posing little risk of harm to either the physical, terrestrial, or Space Station user
environments.

The Space Station requirements relevant to the physical environment have been
articulated in Section 4 of this Tier 1 EIS. These requirement incorporate NASA's
safety philosophy of identification and assessment of potential hazards, verification
of systems performance prior to launch, planning measures to mitigate hazards,
designing critical systems for manned spacecraft to be maintainable on orbit where

possible, and the inclusion of multiple levels of redundancy into all critical systems to
assure a very low probability of failure.

The Space Station Freedom program will include rigorous safety and risk analyses to
identify and define hazards associated with hardware and software operations
during all .phases of the program's development. Design and performance
requirements are being developed to eliminate or control identified hazards. An
overall safety risk assessment will be performed. It will include the identification of

residual hazards or risks, and the provision of recommendations for handling them,
through either risk acceptance or a design change.

In order to assure that any hazards are quickly detected after the Station is
operational, sensors and other warning devices will be used. For known hazardous

conditions, special operational procedures will be developed and followed by all
flight and ground personnel.

The Space Station will have an end-to-end caution and warning system to
continuously monitor critical system functions and provide information to the crew
and ground controllers. The systems will be designed to enable on-board manual
override for all safety and critical systems.

In addition, all Space Station elements will be designed to be tolerant of damage
from impact by both meteoroids and space debris. As a design goal, all critical
Station equipment will be designed such that there is a 0.9955 probability of
experiencing no failure due to meteoroid and debris impact over the Station's
lifetime which would endanger the crew or the Station's survivability. The analyses
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lifetime which would endanger the crew or the Station's survivability. The analyses
necessary to design the meteoroid protection for the Station will be performed
during the development phase of the program.

Station systems essential for crew safety and Station survival will be designed to be
two-failure tolerant with at least three levels of functional redundancy. All Station

systems will also be designed to be capable of being restored to full operation on
orbit. All multiple redundant systems will be designed to be fail safe should all levels
of functional redundancy fail. They will also be designed so that the source of the
failure may be detected and isolated to an orbital replacement unit, its interface, or
associated software.

These requirements, once incorporated into the program, will ensure that the Space
Station operates safely. The Station is being designed to assure its viability and
usefulness as a spacecraft. This EIS assumes that the fundamental steps necessary to
design the Station properly to minimize environmental impacts and safety risks are

being taken.
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APPENDIX E

Comment Letters and Responses

Comments on the NASA SpaceStation Freedom Tier 1 DEISwere received from:

1, U.S.Environmental Protection Agency
2. Arizona Department of Commerce
3. California Governor's Office
4. Florida Office of the Governor
5. Missouri Clearinghouse

6. North Carolina Department of Environment, Health, and Natural Resources
7. Mid-Ohio Regional Planning Commission
8. Pennsylvania Intergovernmental Council
9. South Carolina Office of the Governor

10.West Virginia Governor's Office of Community and Industrial Development

A summary of the comments and the responses is presented below. The comment
letters are also included.

.

U.S. Environmental Protection Agency

Comment: We believe that the Final Tier I EIS should include additional
discussions on air quality by providing the types and quantities of the various
rocket motor emissions, and should also include information on the cumulative
impacts of emissions associated with the 29 Shuttle flights and 4 rocket launches.
In addition, we believe that it would be useful to provide in the Final Tier I EIS, a
summary of the environmental impacts addressed in the referenced SpaceShuttle EIS.

Response: The Space Shuttle EIS addressed all environmental impacts resulting
from Space Shuttle operations. These included air quality impacts resulting from
rocket motor emissions. The Shuttle launches required for the Space Station
program do not represent any increase over the number of launches assessed as
part of that EIS. The text of the Tier I Space Station Freedom EIS has been
modified to clarify this.

There are no current plans to use Expendable Launch Vehicles (ELVs) as part of
the baseline Space Station Freedom program, with the exception of one ELV
launch for the U.S. Polar Orbiting Platform. The environmental impacts of the
Titan IV ELV are discussed in the Environmental Assessment, Titan IV. If a decision
is made to employ ELVs for use with the manned base, it will be covered in theTier 2 EIS.

The Space Shuttle EIS and the Titan IV EA have been widely distributed and are
available to the public.

Comment: With regard to ionospheric impacts, we recommend that the Final
Tier I EIS include a discussion on the impacts associated with the propulsion
systems by providing the types and quantities of the various molecular
contaminants resulting from leakage, outgassing and venting. A discussion on
the cumulative impacts of these releases on the ionosphere should also beincluded.
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Response: Since the Space Station Freedom is still in the design stage,
not et been finalized The various types of experiments will

experiments have Y.' .... L .L'" _L^_;_I _onstituents wnich would be
aria uan_ll;les OT Lnu ul_,,,_=, ,-determine the type .q • ion of the Station

vented. Also, the materials to be selected for use m construct
will govern the outgassing characteristics. The environmental impacts of the
hydrazine propulsion system as well as venting, leakage, and outgassing will be
evaluated in the Tier 2 EIS after such emissions are better defined.

Arizona Department of Commerce

Comment: No comment• Supported as written.

Response: Comment noted.

California Office of the Governor

Comment: No opposing comments.

California Coastal Commission staff has reviewed the Draft Tier 1 Environmental

Impact Statement (DEIS) prepared by NASA for construction and operation of the
proposed Space Station "Freedom." One component of the Space Station

the facilities at Vandenburg Air Force Base to launch the U.S.
_program would use._ ,o_m The DEIS states that in February 19,88 the
Polar urDl1:In i.n|a_.lUllll _r_/r/. • -

Department _ the Air Force prepared a Final Environmental Assessment _c_l _u,
launch roaram, and that all environmental impacts associated withthe Titan IV P - • ' " in the Final EA.

Titan IV launches at Vandenburg AFB are described In detail

Staff notes that the Final Environmental Assessment for the Titan IV program
than four launches per year The Final EIS for the Space

called for no more •
• hould indicate if the Polar Orbiting Platform launch is

Stat=.°nopr°Aqram_ She aforementioned Titan IV annual launch_program _Mor_,, t " ta
II1LUilJU/OI,¢,,_ " =ll_ verse Im act> vii _.u=_
than four Titan IV launches per year may generate ao p
resources along the Santa Barbara County coastline. Titan IV/POP launch

ental im act analysis information should be incorporated into
program environm P _. addition, federal cons!stency
the Final EIS for the Space Station program. In . •
review of Space Station development activities that could affect the Calltornla

coastal zone may be required.

Response: Th_ylzae_llch of the Polar Orbiting Platform was included in the TitanIV baseline a in the referenced EA. This launch would not increase the
number of launches per year to more than four. The EA resulted in a finding of

no significant impact.

4. Florida Office of the Governor

est that we be given the opportunity to review and evaluate
Comment: We requ . . - _........ + facilities We are primarily

• mental aocumen_s TOr supIJU_ _ ' •site specific environ ... • .... ,---.._._ _,f nronosed construction and
• " tenl:lai envlronmenL,_ ,w_p=_ ,- r- r-

m;ee;:_oend mfth_ePs°pace station processing facility and hazardous processing

facility at KSC.

Environmental documents addressing ground base facilities at KSC should be
circulated for a state consistency determination. Please forward drafts of these
documents for our review when they are completed.
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Response: It is NASA's policy to comply with all State and Federal environmental

regulations. This pertains not only to the Space Station but to site specific
facilities construction as well. Site specific environmental documents for support
facilities will be provided to the State as they become available. At appropriate
points in the planning process, environmental documents will be provided to the
State pursuant to the consistency determination required by the Coastal Zone
Management Act.

Comment: Once a geographic location is under final consideration as the site for
new facility construction, the site specific project(s) must be submitted to the
Florida Department of State, Division of Historical Resources for review

Response: When site specific locations for new facility construction are
identified, the appropriate environmental documents will be submitted to the
Florida Department of State, Division of Historical Resources in full compliance
with the Advisory Council on Historic Preservation Regulation 36 CFR Part 800.

Missouri Clearinghouse

Comment: No comments or recommendations at this time.

Response: Comment noted.

North Carolina Department of Environment, Health, and Natural Resources

Comment: It would appear that the project would have virtually no impact on
North Carolina except under the very remote circumstances of accidental reentry
of one or more of the four major orbiting elements. If this were to occur,
however, it appears that there is the potential for very localized but possibly
severe damage. Therefore, it is recommended that NASA be prepared to provide
local emergency response personnel with guidance on potential impacts of and

proper response to such an event, in a timely manner, if and when it might occur.

Response: The Space Station manned base will fly in a low Earth orbit at a 28.5
degree inclination. This means that its ground track will range between 28.5
degrees North and South latitude. Since North Carolina is mostly above 34
degrees North latitude it is difficult to envision an accidental reentry which could
have an impact on North Carolina. However, the probabilities, conse uences
andmitigative measures relatina to an accidental .... ._.. ^_ ,L .... !q _ , '
will be addressed in detail in the _ier 2 EIS. ,,,_,, ,==,,L,y u. u_ mdnnea Dase

7. Mid-Ohio Regional Planning Commission

Comment" No comment.

Response: Comment noted.

8. Pennsylvania Intergovernmental Council

Comment: No comment.

Response: Comment noted.
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9. South Carolina Office of the Governor

10.

Comment: No comment.

Response: Comment noted.

West Virginia Governor's Office of Community and Industrial Development

Comment: EIS found to be consistent with overall state goals and objectives.

Response: Comment noted.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

APR2 3 1990
OFFICE OF

ENFORCEMENT AND
COMPLIANCE MONITORING

Mr. Richard H. Kohrs

Director,

Space Station Freedom

NASA Headquarters/Code MF

Washington, DC 20546

Dear Mr. Kohrs:

In accordance with our responsibilities under the National

Environmental Policy Act (NEPA) and Section 309 of the Clean Air

Act, we have reviewed the Draft Environmental Impact Statement

(Draft EIS) Tier I for Space Station Freedom. The proposed

action will consist of four elements which are the manned base, a
free flying laboratory, and two polar orbiting platforms. Three

alternatives to the proposed action are addressed in the draft

EIS and include: (I) a different Space Station manned base

configuration called the "Power Tower;" (2) a Space Station which

is not permanently manned (the Man-Tended Approach (MTA)); and

(3) termination of the Space Station Freedom Program (no action).

On the basis of our review, we are rating this tier of the

Draft EIS EC-2 (Environmental Concerns - Insufficient

Information). Our environmental concerns are based on potential
impacts associated with rocket motor emissions associated with

the launch activities, and the atmospheric implications of the

space station and its use. It is our understanding that NASA is

generally aware of our concerns pertaining to the short and long-

term air quality impacts associated with rocket motor emissions,

and is in the process of conducting a study to determine whether

the air emissions associated with rocket motor engines pose a

real/significant environmental risk. We believe that the Final

Tier I EIS should include additional discussions on air quality
by providing the types and quantities of the various rocket motor

emissions, and should also include information on the cumulative

impacts of emissions associated with the 29 shuttle flights and 4
rocket launches. In addition, we believe that it would be useful

to provide in the Final Tier I EIS, a summary of the

environmental impacts addressed in the referenced Space Shuttle
EIS.

Printedon Recyded Paper
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With regard to ionospheric impacts, we recommend that the

Final Tier I EIS.include a discussi?n.on the impacts associated
with the propulslon systems by provldlng the types and quantities

of the various molecular contaminants resulting from leakage,

outgassing and venting. A discussion on the cumulative impacts

of these releases on the ionosphere should also be included.

An explanation of the EPA rating system is enclosed for your

reference. This rating and a _ummary of EPA's comments will be

published in the Federal _qig__E.

Thank your for the opportunity to review this Draft EIS. If

you have any questions concerning our comments, please contact
either Armand Lepage, Director, Federal Agency Liaison Division

at 382-5059 or Uwen Whitt at 475-8797. /_ _in tel ,

RiChard E. Sanderson

Director
office of Federal Activities

Enclosure
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SLP_ARY OF THE EPA RATING SYSTEH
FOR ORAFT ENVIRONMENTAL IMPACT STATENENTS:

DCrXNITIONS ANO FOLLOM-UP ACTION *

Environmental" _mpal_t,of the Action

LO--Lack of Objections

The _PA review has not identified any potential environmental Impacts requiring

substantive changes to the proposal. The review may have disclosed opportunltles for
appllcatlon of mitigation measures that could be accompllshed with no more than minor

changes to the proposal.

!

EC--EnvIronmental _oncerns

The EPA review has Identifled environmental impacts that should be avoided In order

to fully protect the environment. Corrective measures may require changes to the

preferred alternatlve or applicatlon of mitigation measures that can reduce the
environmental impact. EPA intends to work with the lead agency to reduce these impacts.

EO--Envlronmental Objections

The EPA review has tdentlfied signlflcant environmental impacts that Should be
avoided In order to provide adequate protectlon for the environment. Cnrrectlve

measures may require substantIal changes to the preferred alternatlve or conslder:tlon
of some other project alternatIve (Includlng the no-action alternatlve or a new
a|ternatlve). CPA intends to work wlth the lead agency to reduce these impacts.

EU--Envlronmentally Unsatisfactory

The EPA review has Identlfled adverse envlronmental Imoacts that are of sufficient

magnitude that they are unsatlsfactory from the standpoint of publlc health or welfare
or environmental quality. EPA Intends to work wlth the lead agency to reduce these

Impacts. If the potential unsatisfactory impacts are not corrected at the final [IS

stage, thls proposal will be recommended for referral to the C[0.

Adequac_ of the Impact Statement

Category I--Adequate

EOA belteves the draft [IS adequately sets forth the environmental Impact(s) of the
preferred alternatlve and those of the altcrnatlves reasonably available to the project

or action. No further analysls of data collectlon Is necessary, but the revlewer my
suggest the addit|on of clarlfylng language or Info_t]on.

Category 2--Insufflclent Information

The draft [IS does not contain sufficient Information for EPA to fully assess
environmental Impacts that should be avoided tn order to fully protect the environment,
or the _PA reviewer has identified new reasonably available alternatives that are within
the spectrum of alternatives analyzed in the draft EIS, which could reduce the
environmental tmoacts of the action. The Identified additional Information, data,
analyses, or d|scusston should be Included tn the final EXS.

Category 3--Inadequate

EPA 4oes not believe that the draft E|S adequately assesses potentially significant
environmental impacts of the actton, or the EPA reviewer has Identified new, reasonably
available alternatives that are outside of the spectrum of alternatives analyzed tn the
4raft EIS, whtch should be analyzed tn order to reduce the potentially significant
environmental impacts. EPA believes that the identified additional Information, data,
analyses, or discussions are of such a n_gnttude that they should have full pub|tc
review at a 4raft stage. EPA does not believe that the draft EIS ts adequate for the
purposes of the REPA and/or Section 30g review, and thus should be for_l]y revised and

ma4e available for public cc_m_ent tn a supplemental or revased draft EIS. On the basis
of the potential significant impacts involved, thts proposal could be a candidate for
referral to the _Eq.

* From EP_ _anual 1640 Poltcy and Procedures for the Revtev of Federal Actions Impacting
the Environment

February, 1987
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@
ROSE MOFFORD

GOVERNOR

ARIZONA DEPARTMENT OF COMMERCE
3800 NORTH CENTRAL AVENUE SUITE 1500

PHOENIX, ARIZONA 85012

(602) 280-1300

FAX: (602) 280-1305

DONALD E. CUNE ,--
DIRECTOR

_EMORANDUM

TO

FROM :

DATE :

RE :

NASA

ARIZONA STATE CLEARINGHOUSE

May 8, 1990

NATIONAL AERON. & S_ACE ADMIN.

EIS SPACE STATION FREEDOM PROGRAM

A Z 90031680_')01 c'_

12.999

This r_er01orar,Ourn is it, resoor, se to the a0ove oro]ect suhrnittec_ to

the Arlzc, na State Clearinghouse for review.

The oroject has oeen reviewed pursuant to the Executive Order

12372 oy certaln Arizona State officlals and Regional Councils of

G,-_vernr:lent •

if the Stanoard Form 4._4 was suomitteo wltn the aoplica_ion, i_

is attacheO for your information.

No c,_-,r=_r_entswere receivea or: this project. It was supoorteO as

written. If any conlme_s are received we wiil forwar_ _hern _o

y,-,u for y,:,ur cor_sideration.

At tacnment

cc: Arizona State Clearinghouse

Appl icant
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GEORGE DEUKMEJIAN
. a_vmmo_

DATE:

TO:

GOVERNOR'S OFFICE

OFFICE OF PLANNING AND RESEARCH

14OO TENTH STREET

SACRAMENTO 95814

i
E

May i0, 1990

(9]6) 323-7480

Division Director

National Aeronautics and Space Station

Space Station Freedom Program

ATTN: Lynette Wigbels
Washington, DC 20546

RE:

Office of_Planning and Research
State Clearinghouse

Draft Tier I EIS for Space Station Freedom (Primary Center,

Vandenberg AFB, Santa Barbara County) SCH 90040039

As the designated California Single Point of Contact, pursuant to Executive

Order ]_2372, the Office of Planning and Research tran_nits attached comments
as the State Process Recommendation.

This recommendation is a consensus; no opposing cc.ments have been received.

Initiation of the "accommodate or explain" response by your a_ency is,
therefore, in effect.

Sincerely,

Robert P.

Director

Attachment

•cc: Applicant

.°
!

E-9



Resources Building

1416 Ninth Street

95814

(916) 445-5656

TDD (916) 324-0804

California Conservation Corps

Department of Boating and Waterways

Department of Conservation

Department of Fish and Game

Department of Forestry

Department of Parks and Recreation

Department of Water Resources

GEORGE DEUKMEJIAN

GOVERNOR OF

CALIFORNIA

THE RESOURCES AGENCY OF CALIFORNIA
SACRAMENTO, CALIFORNIA

Air Resources Board
California Coastal Commission

California Tahoe Conservancy

California Waste Management

Board

Colorado River Board D

Energy Resources Conservation
And Development Commissior

San Francisco Bay Conservation

and Development Commission,...

State Coastal Conservancy

State Lands Division

State Reclamat,on Board

State Water Resources Control

Board

Regional Water Quahty
Controt Boards

Division Director

National Aeronautics and Space Administration

Space Station Freedom Program

ATTN: Lynette Wigbels

Washington, DC 20546

May I0, 1990

Dear Ms. Wigbels:

The State has reviewed the Draft Tier I EIS for Space Station

Freedom (Primary Center, Vandenberg AFB, Santa Barbara County),

submitted through the Office of Planning and Research.

We coordinated review of this document with the California

Highway Patrol, the Air Resources Board, the California Coastal

Commission, the Central Coast Regional Water Quality control

Board, and the Departments of Fish and Game, Transportation, and

Water Resources.

The California Coastal Commission has provided the attached

comments for your consideration.

Thank you for providing an opportunity to review this project.

Sincerely, /I

for Gordon F. Snow-,/_n._2J

Assistant Secretary for Resources

Attachment

CC : office of Planning and Research
1400 Tenth Street

Sacramento, CA 95814

(SCH 90040039)

El0



STA_ OF CALIFORNiA--THE RESOURCES AGENCY

GEC_GE DEUKMEJ AN _r_r

CALIFORNIA COASTAL CO_ISSION
631 HOWARD STREET, 4TH FLO(_ /._._.

i, t ".'

SAN FRANCISCO, CA 9410.$.3973 _-._" "._,

;415) 543-8555 :; t . .,.,

Hearing _mpaired/TDO (415) 896-1823 _//

May 4, 1990

Ms. Nadell Ga.you /

California Department of Water Resources
1416 Ninth Street, Room 215-4
Sacramento, CA 95814

Re: Draft Tier 1 Environmental Impact Statement For NASA Space Station Freedom.

Dear Ms. Gayou:

Commission staff has reviewed the Draft Tier 1 Environmental Impact Statement
(DEIS) prepared by NASA For construction and operation of the proposed Space
Station "Freedom." One component of the Space Station program would use the

Facilities at Vandenburg Air Force Base to launch the U.S. Polar Orbiting
P]atFon_ (POP). The OEIS reports that this self-contained, Free-flying
spacecraft will be launched by a Titan IV rocket From Vandenburg AF8. It will
perform observations of Earth's biology, geology, and oceans; lower and

atmospheric research and monitoring; solar observations; and plasma physics
measurements. The OEIS states that in February 1988 the Department of the Air
Force prepared a Final Environmental Assessment (EA) for the Titan IV launch
program, and that all environmental impacts associated with Titan IV launches
at Vandenburg AF8 are described in detail in the Fina] EA.

Staff notes that the Final Environmental Assessment For the Titan IV program
called for no more than Four launches per year. The Final EIS for the Space
Station program should indicate if the Polar Orbiting Platform launch is
incorporated into the aforementioned Titan IV annual launch program. More
than Four Titan IV launches per year may generate adverse impacts on coastal
resources along the Santa Barbara County coastline. Titan IV/POP launch
program environmenta] impact analysis information should be incorporated into
the Final EIS for the Space Station program. In addition, federal consistency
review of Space Station development activities that could affect the
California coastal zone may be required

Thank you for the opportunity to comment on the Draft Tier 1 EnvironmentalImpact Statement.

Sincerely,

Larry Simon

Staff Analyst

7049P
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BOB MAWnN_Z
GOVERNOR

STATE OF FLORIDA

@ ice  o ertu r
THE CAPITOL

TALLAHASSEE, FLORIDA 523990001

...... -_ _'--._._

May i, 1990

Ms. Lynette Wigbels

National Aeronautics and Spac_dministration

Headquarters ICode MF)

Washington, D.C. 20546

RE: Environmental Impact Statement (EIS) for the Space Station

Freedom Program

SAI: FL9003141098C

Dear Ms. Wigbels:

The Florida State Clearinghouse, pursuant to Presidential

Executive Order 12372, Gubernatorial Executive Order 83-150, the

Coastal Zone Management Act and the National Environmental Policy

Act, has coordinated a review of the above referenced project.

Pursuant to Presidential Executive Order 12372, the project will

be in accord with State plans, programs, procedures and

objectives when consideration is given to and action taken on the
enclosed comments and requirements of our reviewing agencies.

The federal agency did not provide a federal consistency
determination for this project in accordance with 15 CFR 930,

subpart C. However, the State has completed a review of the

project information available at this time. Based on this
information, the project at this stage is consistent with the

Florida Coastal Management Program. Although the State does not

object to the proposed work, we have identified several issues
which must be resolved as the project progresses through later

stages of planning, design and funding. As required by 15 CFR
930.34 and .37, at each major point of decision-making the

federal agency is required to submit a consistency determination

for the State's review. The format and content of the
determination are described in 15 CFR 930.34 - .39. The State's

continued agreement with this project will be based, in part, on

adequate reconciliation of previously identified concerns.

E-12



•Ms. Wigbels

Page Two

This letter reflects your compliance with Presidential Executive
Order 12372.

Sincerely,

Karen K. MacFarland, Director

State Clearinghouse

KKM/rt

Enclosure(s)

Response From: Department of Environmental Regulation
Department of State

East Central Florida Regional Planning Council

cc: DER

DOS

ECFRPC

Ted Hoehn

C. Howard Robins, Jr.

E-13



Florida Department of Environmental Regulation
Towers Office Bldg. • 2600 Blair Stone Road • TaUahassee, Florida 32399-2400

Bob Marimez, Governor Dale Twachtmarm, Secretary John Shearer, As6istant Secretary

March 29, 1990

Mr. Don Henningsen, Senior Government Analyst

Intergovernmental Coordination
Office of the Governor

413 Carlton Building

Tallahassee, FL 32399-0001 APR 3 1990

Dear Mr. Henningsen:

RE: EIS, Space Station Freedom
SAI: 9003141098C, Brevard County

,STATE CLEAFI_GHOUSE

We have reviewed the Draft Environmental Impact Statement for

Space Station Freedom and we have no objections to the proposed
shuttle, establishment of the station in space and the

subsequent operation of the station. These phases of the

project are considered consistent with our authorities in the

Florida Coastal Management Program. However, we request that

we be given the opportunity to review and evaluate site

specific environmental documents for support facilities. We

are primarily interested in the potential environmental impacts

of proposed construction and operation of the space station

processing facility and hazardous processing facility at the

John F. Kennedy Space Center (KSC).

Environmental documents addressing ground base facilities at
KSC should be circulated for a state consistency

determination. Please forward drafts of these document for our

review when the are completed.

Sincerely,

Mickey D. Bryant, Administrator
Intergovernmental Coordination

Division of Water Management

MI)B/pmg

E-14



March 22, 1990

|_'Z:Y ,.,x_.:_:.LZ,-.2 ;'%}d:_
FLORIDA DEPARTMENT OF STATE " _'"':I'=';'" ,: ,_.-,,

Jim Smith _ ""'° :'
Secretary of State M_ £7 1990

DIVISION OF HISTORICAL RESOURCES

R.A. Gray Building 8TA_ CLE,4,1::j,I_;_HOUs E500 South Bronoush

Tallahass_. Florida 32399-0250

Director's Office Te]ecopier Number (FAX)

(904) 488-1480 (904) 488-3353

Karen K. MacFarland

State Planning and Development
Clearinghouse

Office of Planning and Budgeting
The Capitol

Tallahassee, Florida 32399-0001

In Reply Refer To:

Susan M. Henefield-Herring
Historic Sites Specialist
(904) 487-2333

Project File No. 900812

RE:
Cultural Resource Assessment Request

SAI #FL9003141098C, NASA Draft Tier 1 Environmental
Impact Statement for Space Station Freedom
Brevard County, Florida

Dear Ms. MacFarland:

In accordance with the procedures contained in 36 C.F.R., Part

800 ("Protection of Historic Properties"), we have reviewed the

above referenced project(s) for possible impact to archaeological
and historical sites or properties listed, or eligible for

.listing, in the National Reaister of Historic Place_. The

authority for this procedure is the National Historic

Preservation Act of 1966 (Public Law 89-665), as amended.

We have reviewed the above referenced Environmental Impact

Statement and have the following comments. This project is

expected to result in the expansion and addition to existing
ground facilities, which would result in new construction. It is

the recommendation of this agency that once a geographic location

is under final consideration as the site for new construction,

the site specific project(s) must be submitted to this agency forreview.

Thus, it is the opinion of this agency that conditioned upon site

specific construction plans being submitted to this agency for

review, project activities will have no effect on any

archaeological or historic sites or properties listed, or
eligible for listing, in the National Reaister of Historic

P_, or otherwise of national, state, regional, or local
significance. The project is consistent with the historic

preservation aspects of Florida's coastal zone program.

E-15
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Ms. MacFarland

March 22, 1990

Page 2

If you have any questions concerning our comments, please do not
hesitate to contact us. Your interest in protecting Florida's

archaeological and historic resources is appreciated.

Sincerely,

k_--_/eG orge W. Percy, Director
_Division of Historical Resources

and

State Historic Preservation Officer

GWP/smh

E-16



Eas_ _entral _i_rida

1011 Wymore Road • Suite105. Winter Park.Florida 32789 • TeJephone: (407) 645-3339. FAX: (407) 6474234

April 23, 1990

State Clearinghouse

State of Florida

Office of the Governor

The Capitol

Tallahassee, FL 32399-0001

APR 25 1990

SUB3ECT: SAI# FL9003141098C

ECFRPC # RE-90-13

Dear Sir/Madam:

STATE CLEAR_HOUSE

In accordance with the Office of Planning and Budgeting
Intergovernmental Coordination and Review Process, this office has

conducted a clearinghouse review of the above referenced proposal.
The proposal consists of:

a.

Tier 1, Space Station Freedom is for development of the

design and development of a manned space station over a
30 year period.

Based on this review the Council offers the following comments
and/or recommendations:

IQ

Central Florida Regional Planning Council.

Should there be any questions concerning tb_ review,

contact the Project Review Division at the Council office.

Sincerely,

The proposed project, as presented for review and when

considered in its entirety, is not inconsistent with the

adopted Goals, Policies and Objectives of the East

k
Director

please

CS/tlh E-17
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JohnAshcroft
Governor

James R. Moody
Commissioner

......:...v--...

State of Missouri

OFFICE OF ADMINISTRATION
Post Office Box 809

Jefferson City

6,5102

April I0, 1990

Stan Perovich
Director

Division of General Services

Ms. Lynette Wigbels

NASA Headquarters/Code MF

Washington, D.C. 20546

Dear Ms. Wigbels:

Subject: 90030072 - Environmental Impact Statement for the

Space Station Freedom Program

The Missouri Federal Assistance Clearinghouse, in cooperation

with state and local agencies interested or possibly affected,

has completed the review on the above project application.

None of the agencies involved in the review had comments or

recommendations to offer at this time. This concludes the

Clearinghouse's review.

A copy of this letter is to be attached to the application

as evidence of compliance with the State Clearinghouse

requirements.

Sincerely,

Lois Pohl, Coordinator

Missouri Clearinghouse

LP:cm
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M2-08 0

__AILED TO

'_ASA
LYNETTF WIGBELS

--I_!ASH HI'QTPS./CODE MF
W/'SI'INGTON, DC 2054_.

_I[3RTH CAROLINA STATE CLEARINGHOU__

DEPARTMENT OF ADMINISTRATIDN / )
116 WEST JONES STREET / i i_/_.

RALEIGH NORTH CAROLINA 276_ __'v _

INT[RCOVERN.MEtlTAL REVIEW COMMENTS

FROM

MRS. CHRYS BAGGEI'T

DIRECTOR

N C STATE CLEARINGHOUSE

PRDJECT DESCRIPTION

SPACE STATION FREEDC]_ PRnGRAM - SCIFNCE LAB CONSISTING OF FOUR
MAJUR ELF._._ENTS - HUMAN OCCUPIED BASE, EUROPEAN SPACE AGENCY |ESA)

FREE FLYING LAB, AND TWO OTHER PLATFORMS

+--SAt ._'t_ 90FOOOrjO&89 PROGRAM T[TLE - DRAFT EIS

--THF ABOVE PROJECT HAS I_EFN SUg,HITTED TO THE NORTH CAROLINA

I_TEPGCVEPNMENTAL REVIEW ORE'CI'SS. AS A RESULT OF THE REVIEW THE FOLLOWING

IS SUP_'ITTED I l N'] Cq!4,_4ENTS WERE RECEIVED

(X ) C[I.HNENTS ATTACHED

SH_,ULC YOU HAVE ANY QUESTIQ._IS, PLEASE CALL THIS OFFICE I919l 733-0499°

E-19



State of North Carolina
Department of Environment, Health, and Natural Resources

512 North Salisbury Street • Raleigh, North Carolina 27611

James G. Martin, Governor

William W. Cobey, Jr., See'rotary
Douglas G. Lewis

Director

Planning and Assessment

MEMORANDUM

TO:

FROM".

RE :

DATE:

Chrys Baggett

State Clearinghouse

Melba McGee _5-/

Project Review Coordinator

90-0689 - Draft EIS for the Space Station Freedom

Program

April 2, 1990

The Department of Environment, Health, and Natural Resources

has reviewed the proposed project. Based on the information

received, it would appear that the project would have virtually

no impact on North Carolina except under the very remote

circumstances of accidental reentry of one or more of the four

major orbiting elements. If this were to occur, however, it

appears that there is the potential for very localized but

possibly severe damage. Therefore, it is recommended that NASA

be prepared to provide local emergency response personnel with

guidance on potential impacts of and proper response to such an

event, in a timely manner, if and when it might occur.

Thank you for the opportunity to respond.

MM:bb

E-20
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STATE CLEARINGHOUSE

State of Ohio - Office of Budget and Management

30 EAST BROAD STREET • 34TH FLOOR • COLUMBUS, OHIO 43266-0411 • (614) 466-0697 / 0698

Date: 04-20-90

NATIONALAERONAUTICS& SPACEADMINISTRATION
SPACESTATION FREEDOMPROGRAM
MASHINGTON DC 20546-0000

Attention: DIVISION DIRECTOR Phone: (202)453-8662

RE: Intergovernmental Revieu, Environmental Assessment/Impact Statement Completion Letter
Project Description: DRAFTEIS, TIER I, SPACESTATIONFREEDOM,GLOBAL

IRPACT,STARTDATE 1995, 36RONTHSDURATION,
FEBRUARY1990

State Application Identification (SAI) Number: OHgOO312-N254-36631

The State Clearinghouse ( Single Point of Contact ) has revieued the Environmental
Assessment/Impact Statement for the above identified project that is covered by the National
Environmental Policy Act of 1969, and any amendments; Intergovernmantal Review Process
(Presidential Executive Order 12372); Gubernatorial Executive Order authorized under Ohio Revised
Cede, Section 107.18(A); and/or other pertinent regulations and guidelines.

This document has been simultaneously revieued by interested state agencies, with a notice to
the impacted area clearinghouse(s). Our officemay have attached conments for your consideration
and/or response.

You should be advised that some of the reviewing state agencies may respond directly to you
uithout submitting their comments through the State Single Point of Contact. We encourage our
reviewing agencies to keep in direct contact with issuing agencies on all environmental
assessment/impact statement reviews. Therefore, considertheir directly generated comments as
valid responses.

It is recommendedthat contact be made with all the commenting agencies. Addresses and phone
are available on individual Transmittal Forms and/or contained in a letter received by our
agency. The commentsuhich have been generated should becomepart of the proposal and responded
to before a final decision is made regarding this assessment/impact statement.

Should this be a draft proposal,
final product.

please provide our office uith fourteen (14) copies of the

Sincerely, J

Larry W. Weaver, State Federal Funds Coordinator
Office of Budget & Management

OBM
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emorpc
Mid-Ohio Regional Planning Commission

PHONE(614) 228-2663
FAX(614)621-2401

(614) 252-1171 (614) 224-POOL

_ _¢lW P_nJ
3_wm_

_ L rd_q
Vet C_rman

Hon, PlU J. F#¢o

S_¢aty

WFA_ImIt Amlenl_
C_m_an

AOm,n_s._Tve Gomm_

Ju_ sx._ _
Chaurmt_

Frar_lin County P;ann,ng

_rea Sutx;Ommlttee

Wlllyflk

C.P,aJrma_

Logis,t_ve Task Force

J_mneOolto_
Chawman

Gover_'_mt
Comm_ee

c_

C.,_ m rttee

ExKx_z',_ Director

Dear Applicant

The Mid-Ohio Regional Planning Commission, as a metropoli_an clearinghouse
for Franklin and Delaware Counties, and in accordance wi_h regulations and --

procedures established under Executive Order 12372, In_ergove_nmental
Review Process, Office of Management and Budget, has reviewed your

organization's project proposal(s).

Our review has concentrated on issues of coordination and correspondence of

the project with existing plans. Attached is MORPC's position on the

project(s) which has been forwarded ¢o the State Clearinghouse.

Sincerely,

Gloria Wilburn

Intergovernmental Review Officer

E-22
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"FFICE OF BUDGET AND MANAGEMENT

 3TATE CLE' INGHOUSE TRANSMITTAL
30 E. Broad St., 34th Floor

Columbus, Ohio, 43266-0411

Phone (614) 466-0697 / 0698

STATEAPPL,CAT,ON,DENT,F,ERo.e0o3, -N254-  ,
RESPONSEON 60 DAY REVIEN SHOULD BE RETURNED 15 DAYS PRIOR TO CLEARANCEDATE OF: 90-04-20

FORFULLAPPL,CAT,ONCALLBY :
APPLICANT: NATIONAL AERONAUTICS& SPACE ADHINISTRATION

ADDRESS: SPACE STATION FREEDONPROGRAH
CITY: HASHINGTON STATE: IX: ZiP: 20546-0000

ATTENTION: DIVISION DIRECTOR PHONE: (202) 453-8662

PROPOSEDFEDERAL FUND: " $00

_SED-TOTAE-.FUND. : '.QD__

-_ : ENVIRONRENTAL IRPACT STATEHENT
• , I"IEI_ _, SPA"_ _ FREEDCIq, GLOBAL

IRPACT, START DATE 1995, _,6 t'_THS DURATION,
FEBRUARY 1990

REVIEH AGENCY: DEPARTNENTOF AGRICULTURE
DEPARTHNTOF NATURAL RESOURCES
DEPARTHENTOF HEALTH
DEPAR_ENT OF TRANSPORTATION
OH ENVIRONHENTALPROTECTION AG
GOVERNOR- Interagenc y Coord i nator - I nformt ion
ST HISTORIC PKL_EHVA/IUN (JI-P

_,v:awing aGi_cy must complete this sact:_n.

OMMENTS. attach another sheet. Comments cited in this Section must include (1) Ident,fication of reviewing agency's statute or specific plan or program related to

is proposal; (2) Description of impact of this proposal on identified plan or program; (3) Reviewer's recommended changes for or additions to the proposal. Please
"_pe all comments and includeSAI number on your comment sheet.

• "I_VIEWlNG AGENCY POSITION ON PROJECT (Mark one only)
] No commenL

_C! Clearance of the project should be granted.

_J Clearance of the project should not be delayed, but applicant should answer the reviewer's questions or concerns. See enclosed
comments.

_] Clearance of the project should only be granted on the condition that the applicant use the recommendations in the enclosed
comments. (Executive or Deputy Director Signature Needed.)

] Clearance of the project should be delayed until the applicant has satisfactorily addressed the concerns stated in the enclosed
comments. (Executive or Deputy Director Signature Needed.)

Reviewer's Name

. tJ,l'_i_ ,,.,_._

_. E_ecutiv'e or Deputy Signature

#'tAM RflflK tl_ _'_

PLEASE TYPE THE FOLLOWING INFORMATION:

Agency
Name

Street
Address

Phone

Div

City

Zip Co_e

State __

E-23



P. O. BOX 11880 • HARRISBURG, PA. 17108-1880 • (/17) 783-3700

Apr11 10, 1990

Ms. Lynette Wlgbels
NASA Headquarters/Code MF
Hashtngton, D.C. 20546

Dear Ms. Nlgbels"

Subject: Envlronmental Impact Statement for the Space Statlon Freedom Program

Pennsylvanla's Single Point of Contact under Executlve Order 12372

(Intergovernmental Revlew of Federal Programs) has recelved copies of the
Draft Envlronmental Impact Statement for the Space Statlon Freedom Program.

He distributed copies to several of our reviewing agencles; these agencies do

not wish to comment on the EIS.

We appreclate the opportunlty to revlew thls document.

Sincerely,

Sandra L. K11ne

Pro_ect Coordl nator

Intergovernmental Revlew Process



 tate of  outh  arolina

@ffic of GouCrnor
CARROLL A CAMPBELL, JR

GOVI_ANOR

June 8, 1990

Division Director

Space Station Freedom Program

National Aeronautics and Space Administration

Washington, D. C. 20546

Re: Draft Environmental Impact Statement

for the Space Station Freedom Program

Dear Sir or Madam:

The South Carolina Project Notification and Review System has conducted

an intergovernmental review on the above referenced activity, as

authorized by Presidential Executive Order 12372, "Intergovernmenta!

Review of Federal Programs". The resulting comments from the following
agencies and/or indivlduals are enclosed for your use: South Carolina

Department of Health and Environmental Control; Emergency Preparedness

Division, Office of the Adjutant General; South Carolina Wildlife and

Marine Resources Department; Governor's Division of Public Safety

Programs; Southern Division, Naval Facilities Engineering Command,

Department of the Navy; City of Cayce; Upper Savannah Council of

Governments; Santee-Lynches Council for Governments: Pee _ee Kegional
Planning and Development Council.

'I_e State Application Identifier number for this proposal is

EIS-9003-004. This number should be used in any future correspondence

with this office or the local clearinghouse. Thank you for the

opportunity to review your proposed activity. If I may answer any

questions, or be of further service in any way, please do not hesitate
to contact me at (803) 734-0493.

State Single Point of Contact

Intergovernmental Review

DLC/jr

Enclosures

OcFICE OI= EXECLjT=VE

POLICY 4N0 P_IOGRAMS

E-25



South Carolina

Project Notification & Review System

Steve Davis

South Carolina Department of Health

and Environmental Control

STATE APPLICATION

IDENTIFIER

EIS-9003-004

(SUSPENSE DATE)

The attached project notification is being referred to vour agency in accordance with

Presidential Executive Order 12372. "Intergovemmental Review of Federal Programs."

The South Carolina Project Notification and Review System provides the opportunity

for state and local reviews of federal and federally assisted development programs

and projects. Please provide comments below, relating the proposed project to the

plans, policies, and programs of vour agency. All comments received will be reviewed

and utilized by the State Clearinghouse in mal_ng the official state recommendation

concerning the project to the cognizant federal agency. Any questions may be di-

rected to this office by phone at 734-0493. Prior to the above suspense date please

return this completed form to:

Grant Services

Office of the Governor

1205 Pendleton Street

Columbia. South Carolina 29201 Name Danny L. Cromer

RESULTS OF AGENCY REVIEW

PROJECT CONSISTENT WITH AGENCY PLANS AND POLICIES

AGENCY REQUESTS CON'FERENCE TO DISCUSS COMME,N-FS

AGENCY COMMEN-FS ON PROPOSED ,_PPLICATION AS FOLLOWS

/<M ___-r_r _'_--_-_'_

(Use additional sheets ff necessary.)

Signature _ Date

Title E-26 Phone --[ ....



South Carolina

_ r:7 Project Notification & Review System

STATE/}_!ti_l,_,_,'i_I (_i ,'
IDE_i_R,_, i

Paul R. Lunsford

Emergency Preparedness Division

Office of the Adjutant General

EIS-9003-004

J! _f 7%1

(SUSPENSE DATE)

The attached project notification is being referred to vour agencv in accordance _-ith

- Presidential Executive Order 12372. "Intergovernmental Re_iewof Federal Proarams.'"

The South Carolina Project Notification and Review System pro_ides the opportunity

for state and local re_iews of federal and federally assisted development programs

- and projects. Please provide comments below, relating the proposed project to the

plans, policies, and programs of your agency. All comments received _ill be reviewed

_ and utilized by the State Clearinghouse in making the official state recommendation

concerning the project to the cognizant federal agency. Any questions may be di-

rected to this office by phone at 734-0493. Prior to the above suspense date please
return this completed form to:

Grant Services

Office of the Governor

1205 Pendleton Street

Columbia. South Carolina

Sign atu _-__ _--- ____/_<.,

29201 Name Dannv L. Cromer

RESULTS OF AGENCY REVIEW

PROJECT CONSISTENT" WITH AGENCY PLANS AND POLICIES

i__._ AGENCY REQUESTS CON'FERENCE TO DISCUSS COMMENT`S

AGENCY COMMENTS ON PROPOSED .APPLICATION AS FOLLO\VS

[Use additional sheets ff necessary/

S ig nature _ _'_ __Ni_,_

Title _"Q_\_'q_,- %,,W _ e-

Date

Phone

E-27 r i



South Carolina

Project Notification & Review System
STATE APPLICATION

IDENTIFIER

South Carolina Wildlife and/ _ ........ --

\ S.C. WILDLIFE E--_c
The attached project notification is bei_ your in e with

Presidential Executive Order 12372. "Intergovernmental Review of Federal Programs."

The South Carolina Project Notification and Review System provide -_ the opportunity

for state and local rex-Jews of federal and federally assisted development programs

and projects. Please provide comments below, relating the proposed project to the

plans, policies, and programs of vour agency. All comments received u-ill be reviewed

and utilized bv the State Clearinghouse in making the official state recommendation

concerning the project to the cognizant federal agency. Any questions max, be di-

rected to this office by phone at 734-0493. Prior to the above suspense date please

return tilts completed form to:

Grant Services

Office of the Governor

1205 Pendleton Street

Columbia. South Carolina 29201 Name Dannv L. Cromer

i

RESULTS OF AGENCY REVIEW

PROJECT CONSISTENT WITH AGENCY PI.,_NS ,_,\'-D POLICIES

AGENCY REQUESTS CONFERENCE TO DISCUSS COMMENTS

[--_._ AGENCY COMMEN-FS ON PROPOSED AE_PL1CA TION AS FOLLOWS

(Use additional sheets ff necessa_')

Title Executive Director Phone
E -28

May 9, 1990
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Stanley M. McKinney

Governor's Division of Public

South Carolina

Project Notification & Review System

Safety Programs

STATE APPLICATION

IDENTIFIER

EIS-9003-004

(SUSPENSE DATE)

return this completed form to:

Grant Services

Office of the Governor

1205 Pendleton Street

Columbia. South Carolina

The attached project notification is being referred to vour agency in accordance _-ith

Presidential Executive Order 12372, "Intergovernmental Re_-iew of Federal Programs.'

The South Carolina Project Notification and Review System pro_ides the opportunity

for state and local re_'iews of federal and federally assisted development programs

and projects. Please provide comments below, relating the proposed project to lhe

plans, policies, and programs of your agency. All comments received will be reviewed

and utilized by the State Clearinghouse in making the official state recommendation

concerning the project to the cognizant federal agency. Any questions mav be di-

rected to this office by phone at 734-0493. Prior to the above suspense date please

29201 Name Danny L. Cromer

RESULTS OF AGENCY REVIEW

PROJECT C ONSISTENT WITH AGENCY PLAXS AND PO LIC IE S

AGENCY REQUESTS CONFERENCE TO DISCUSS COMMENTS

AGENCY COMMEN-I'S ON PROPOSED APPLICATION AS FOLLOWS

fUse additional sheets if necessa_')

Signature Date

Title Phone .... I-

E-29 ' '



South Carolina
Project Notification & Review System

COMMANDING OFFICER
SOUTHERN D[V NAVAL FACILITIES
ENGINEERING COMMAND
POST OFFICE BOX 10068
CHARLESTON SC 29411

STATE D_PPLI cA'r'I'Sk 0 !

IDENTIFIER _, .. +

EIS-9003-004 .

(SUSPENSE DATE}

The attached project notification is being referred to your agency in accordance with

Presidential Executive Order 12372, "Intergovernmental Review of Federal Programs."

The South Carolina Project Notification and Review System provides the opportunity

for state and local reviews of federal and federally assisted development programs

and projects. Please provide comments below, relating the proposed project to the

plans, policies, and programs of your agency. All comments received will be reviewed

and uLihzed by the State Cleannghouse in making the official state recommendation

concerning the project to the cognizant federal agency. Any questions may be di-

rectea to this office by phone at 734-0493.

return this completed form to:

Prior to the above suspense date please

/.j- ,,// g)Grant Services

Office of the Governor

1205 Pendleton Street

Columbia. South Carolina 29201 Name Danny L. Cromer

RESULTS OF AGENCY REVIEW

_"___PROJECT'"-'_' CONSISTENT WITH AGENCY PLANS AND POLICIES

AGENCY REQUESTS CONFERENCE TO DISCUSS COMMENTS

AGENCY COMMENTS ON PROPOSED APPLICATION AS FOLLOWS

.T

_,#AY j. i l:-

(Use additionalsheets ff__'Y) ""_

\

Phone (_C_r_'Tq'_-_9,19

E-30



South Carolina

Project Notification "& Review System"

q"

-- f, i"

t.- :'- iMR E H HEUSTESS JR MANAGER
' "_-: ICITY OF CAYCE -

c,-, . /PO BOX 2004-- d

"src_'"'" / CAYCE SC 29171

_'""_.; /
"_% .-

-_....__

-,.,E|V_._

STATE APPLICATION'" I
IDENTIFIER I

EIS-9003_004 .

(SUSPENSE DATE)

The attached project notification is being referred to your agencv in accordance with

Presidential Executive Order 12372, "Intergovernmental Review'of Federal Proerams.'"

The South Carolina Project Notification and Review System provides the opportunity

for state and local reviews of federal and federally assisted development programs

and projects. Please pro_,ide comments below, relating the proposed project to the

plans, policies, and programs of your agency. All comments received v_ill be reviewed

and utilized by the State Clearinghouse in making the official state recommendation

concerning the project to the cognizant federal agency. Any questions mav be di-

rectecl to :_his office by phone at 734-0493. Prior to the above suspense date please
return this completed form to:

Grant Services

Office of the Governor

1205 Pendleton Street

Columbia. South Carolina 29201 Name Dannv L. Cromer

i

RESULTS OF AGENCY REVIEW

PROJECT CONSISTENT WITH AGENCY PLANS AND POLICIES

AGENCY REQUESTS CONFERENCE TO DISCUSS COMMEN-f'S

AGENCY COMMENTS ON PROPOSED APPLICATION AS FOLLOWS

.°

Signature _///c--C_'-/ _ /

/

....Vj e_ i"
/

necessary)

Date -/ /17""

Phone
E-31 ,,



South Carolina,,, Project Notification & Review System
' STATE APPLI_._)._ "F""' ' -,c ,-

IDENTIFIER ' i

E!S-9003-004 i

James Darby ¢/t,/90 .5"_5"/Y_-_

Santee-Lynches Council for Governments

(SUSPENSE DATE)

The attached project notification is being referred to vour agency in accordance _-tth

Presidential Executive Order 12372. -Intergovernmental Rex-Jew of Federal Programs."

The South Carolina Project Notification and Review Svstem provides the opportunity

for state and local reviews of federal and federally assisted development programs

au_d projects. Please provide comments below, relating the proposed project to the

plans, policies, and programs of your agency. ,M1 comments received will be re,hewed

and utilized bv the State Clearinghouse in making the official state recommendation

concerning the project to the cognizant federal agency. Anv questions may be di-

rected to this office by phone at 734-0493. Prior to the above suspense date please

return this completed form to: ___/_/Z_ //_--<,__,_SignatGrant Services

Office of the Governor

1205 Pendleton Street

Columbia. South Carolina 29201 Name
Dannv L. Cromer

L.A'

RESULTS OF AGENCY RE\qEW

PROJECT CONSISTENT \VITH AGENCY PLA_NS A_ND POLICIES

AGENCY REQUESTS CONFERENCE TO DISCUSS COMMEN-FS

AG,.,NC'_ Cw._MEN'TS ON PROPOSED APPLICATION -,_ FOLLOWS

, __ _ !, ;_

(Use additional sheets ff necessa_')

__Title _,"/gLE'-cC__ " '
l:-32

Date _"- ['_- _,'_¢_

Phone "7 7 _- _ _ _ /



South Carolina .. . _ ._ _C.__-,_
Project Notification & Nevtew _y_

STATE APPLICATIC)N -
[DENTIFIER_ ,,- ,_

_Y/_90 EI S-9003-(_t_"" '

Patricia Edmonds ;_.F'" r'l,

_-'pperSawn,ahCouncilofGo'_,_,_Cn
"".-O'L._!LU

(SUSPENSE DATE)

Grant Services

The attached project notification is being referred to your agency in accordance tt-ith

Presidential Executive Order 12372. "Intergovernmental Reviewof Federal Programs."

The South Carolina Project Notification and Review Svstem pro_ides the opportunitv

for state and local ret-iews of federal and federally assisted development programs

and projects. Please provide comments below, relating the proposed project to the

plans, policies, and programs of vour agency. All comments received trill be reviewed

and utilized bv the State Clearinghouse in making the official state recommendation

concerning the project to the cognizant federal agency. Any questions mat- be di-

rected to this office by phone at 734-0493. Prior to the above suspense date please
return finis completed form to:

Signatu_._ __ ,_/_-____

29201 Name

Office of the Governor

1205 Pendleton Street

Columbia, South Carolina Danny L. Cromer

RESULTS OF AGENCY REVIEW

--7 PROJECT CONSISTENT WITH AGENCY PL4_\'S ,_\'D POLICIES

h._J AGENCY REQUESTS CONrFERENCE TO DISCUSS COMME.\_S

___f'_AGENC'F COMMENTS ON PROPOSED APPLICATION AS FOLLOWS
.-

fUse additional sheets ff necessa_,)

,/---1
Signature /_//L._i,_j/._./_,,..

E-33

Date S-- _-" - ",'.--.

Phone :'/_/_5" L_'2 _ -_..:, ._,.7



South Carolina .
Prolect Notiflcahon & Review System

STATE APPLICATION

IDEN_FIFIER

..

EES-9003-004
"h_

Johnny Brown

Pee Dee Regional Planning ,"i ' ._/I._/
and Development Council 17-: _ ,.- _ _ 40

t__ -" :,: , _ [SUSPENSE DATE]

"<'<' _'-'_; " r
The attached project notification is being referred to you agency in accordance with

Presidential Executive Order 12372. "Intergovernmental Review of Federal Programs."

The South Carolina Project Notification and Review System provides the opportunity

for state and local reviews of federal and federally assisted development programs

and projects. Please provide comments below, relating the proposed project to the

plans, policies, and programs of vour agency. All comments received will be reviewed

and utilized bv the State Clearinghouse in making the official state recommendation

concerning the project to the cognizant federal agency. Any questions mav be di-

rected to this office by phone at 734-0493. Prior to the above suspense date piease

return this completed form to:

Grant Services

Office of the Governor

1205 Pendleton Street

Columbia. South Carolina 29201

Si g n a m £i///%/_ d/__/d/__)_M-_Z__)X//<

Name Danny L. Cromer

RESULTS OF AGENCY REVIEW

PROJECT CONSISTEN _r WITH AGENCY PLAINS A_\'D POLIC IES

,Z AGENCY REQUESTS CON_FEREN CE TO DISCUSS COMMEN'TS

AGENCY COMMENq'S ON PROPOSED APPLICATION AS FOLLOWS

Signature

[Use addltional sheets ffnecessary)"-,i '_0_._

'" _ ° " / /

.,. Date 5/15/90

E-34
Title Executive Director

Phone 669-3138



STATE OF WEST VIRGINIA

GOVERNOR'S OFFICE

OF

COMMUNITY AND INDUSTRIAL DEVELOPMENT

GASTONCAPERTON
GOVERNOR

Charleston, West Virginia 25305

April 5, 1990

File: PNRS-N

SAI-WV900308-OII

Ms. Lynette Wigbels

NASA Headquarters/Code MF

Washington, D.C. 20546

Dear Ms. Wigbels:

The State Clearinghouse has reviewed National Aeronautics and Space

Administration's environmental impact statement for the Space Station Freedom

Program and has found it to be consistent with overall state goals and
objectives. -......................

This will certify that the requirements of the State's Intergovernmental
Review Process have been met, and the State Process is in concurrence with the

project. Clearinghouse approval does not constitute approval of the applica-

tion by the funding agency.

Sincerely yours t ¢

Fred Cutlip, Dirdctor

Community Development Division

FC:Igh

E-35




